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ABSTRACT
The problem  of oontoating m oisture w ith  i t s  d e trim e n ta l e f f e c ts  in  
r e f r ig e r a tio n  system s has h a rassed  re f r ig e ra tio n  en g ineers fo r  many 
years*  F reeseups in  u n its  employing r e f r ig e ra n ts  in  w hich w a ter has 
ex trem ely  lew  s o lu b i l i ty , c o rro s io n , sludge fo rm atio n , copper p la tin g  
and, in  h e rm e tic a lly  se a le d  u n i ts ,  chem ical d e te r io ra tio n  of motor in*# 
s u la tic n  m a te ria ls  a re  caused a t  le a s t  p a r t ia l ly  by the a c tio n  of 
m oisture*
The m ost e f fe c tiv e  method fo r  m ain tain ing  low m oisture co n ten ts  
in  such u n its  employs s o lid  d e s ic c a n ts  in  the  re f r ig e ra n t system* 
S ev era l m a te ria ls  a re  a v a ila b le  com m ercially fo r  r e f r ig e ra n t  d ry ers 
b u t r e l ia b le  d a ta  on th e  perform ance of such d e sicc an ts  in  r e f r ig e ra n t 
d ehydra tion  a re  lack ing*  T his in v e s tig a tio n  was conducted fo r  th e  
purposes o fi ( 1 ) developing equipm ent and tech n iq u es fo r  determ ining 
th e  e q u ilib riu m  d is tr ib u tio n  o f m oisture between re f r ig e ra n ts  and 
d e s ic c a n ts | (2 ) e s ta b lis h in g  e q u ilib riu m  iso therm s r e la tin g  Freon-12 
m oisture co n ten t to  deed ccan t m oisture co n ten t fo r  th e  se v e ra l most 
prom ising d e s ic c a n ts ; and ( 3 ) determ in ing  th e  e f f e c t  o f tem peratu re  
on such re la tio n sh ip s*
For e q u ilib riu m  s tu d ie s  below room tem perature a  system  was eift# 
p loyed  in  which the r e f r ig e ra n t  was passed  through a d e sicc an t bed, 
p rew etted  to  a  known w ater c o n te n t, a t  such a  r a te  th a t  e q u ilib riu m  
m oistu re  d is tr ib u tio n  was a tta in ed *  R e frig e ran t m oisture co n ten t was 
determ ined by ab so rp tio n  in  phosphorus pen to x id e. For th e  in v e s tig a ­
t io n  o f re la tio n s h ip s  above room tem p era tu re , r e f r ig e ra n t and deslcG ant
a
w ere a llow ed  t© rem ain in  © oatact in  & s t e e l  c y lin d e r u n t i l  e q u ilib riu m  
wee « M 3 i« h » d i R e frig e ra n t sam ples w are w ithdraw n and an a ly sed  fo r  
a o is ts r o  con ten t*
Iso therm s r e la t in g  Free*>*32 w a te r co n ten t to  d e s ie e a n t w ater con* 
te n t  w ere e s ta b lis h e d  fo r  s i l i c a  g e l, a c tiv a te d  alum ina, D rier it©  and 
F lc r i t e  D ssiooant a t  0^6, 2$°C and 50°C* Sovabead •* Freon-12 iso therm s 
were e s ta b lis h e d  a t  Q*C and 25 °0 * F or a l l  o f th e  a d so rp tiv e  ty p e  dee* 
ie e s s te ,  th e  iso th erm s w ere 3 shaped* D rier it© , a  hydrate  form ing 
d ss ie o a n t, was found to  d ry  F reon-12 w ith  c o n sta n t e ff ic ie n c y  u n t i l  
i t s  m o istu re  co n ten t reach ed  s ix  p e r c e n t, I t s  p r a c t ic a l  dry ing  lim it*  
tem pera tu re  was found to  e f f e c t  th e  eq u ilib riu m  re la tio n s h ip s  
p ro fo u n d ly , th e  eq u ilib riu m  re f r ig e ra n t m oisture co n ten t being 11 
tim es a s  g re a t a t  50°C as a t  0°C f o r  a  g iv en  d e sio ca n t m oisture corv 
te a t*  The re la tio n s h ip  between d esio can t m oistu re co n ten t and C/Ca i 
C and C8 being  th e  e q u ilib riu m  and s a tu ra tio n  c o n ce n tra tio n s of w a te r 
in  F reoo-12, re s p e c tiv e ly , can be approxim ately  re p re se n te d  by a  s in g le  
curve fo r  each d esio can t over th e  te n p e ra tu re  range of Q°C to  50°C*
From such cu rv es, which have been a c c u ra te ly  e s ta b lis h e d  fo r  th e  f iv e  
d e s ic c a n ts  s tu d ie d , and th e  s o lu b i l i ty  curve o f w a ter in  Freon-12, 
iso therm s may be c a lc u la te d  r e la t in g  d e sicc an t m oistu re co n ten t to  
Freoo»l2 m oistu re  co n ten t a t  a l l  tem pera tu res norm ally  encountered In  
r e f r ig e r a t io n  w ork as a c c u ra te ly  as th e y  may be determ ined  experim entally*  
I f  p e r c en t drying e ff ic ie n c y  i s  d e fin e d  a s  ( £ s ~ £ )  x  100, th en
~~h
th e  dry ing  e f f ic ie n c ie s  of d e sic c a n ts  a re  e s s e n tia lly  independent of 
tem perature*  The d e sic c a n t p o ssessin g  th e  h ig h e s t c ap a c ity  fo r  a  g iven
xi
e ff ic ie n c y  depends upon th e  e ff ic ie n c y  d e s ire d . The d ry ing  e f f ic ie n c y  
of D r le r i te  i s  approxim ately  98$ u n t i l  i t s  m oistu re c o n te n t reaches 
s ix  p e r cent* F or e f f ic ie n c ie s  betw een 81$ and 72$* alum ina l a  su­
p e r io r  to  th e  o th e r d sa ico an tc  s tu d ie d  in  c a p a c ity , S i l i c a  g e l and 
Sovabeadsj id e n tic a l  in  drying c h a r a c te r is t ic s , posses® th e  h ig h e s t 
c a p a c ity  f a r  w a te r o f th e  d e s ic c a n ts  s tu d ie d  a t  e f f ic ie n c ie s  o f le s s  
th an  7& » having  a  c a p a c ity  of a t  3$$ e ff ic ie n c y .
xii
INTRODUCTION
F ar many y ears th e  problem  o f com bating m oistu re w ith  l i e  d e tr l*  
m ental e f f e c ts  in  r e f r ig e r a t io n  system s has h a ra ssed  r e f r ig e ra tio n  
en g in eers and  se rv ic e  men* In  u n its  o pera ted  a t  low tem peratures*  
sm all tr a c e s  o f w a te r a re  s u f f ic ie n t  to  f a m  ic e  o r h y d ra te  c ry s ta ls  
in  expansion o rif ic e s *  r e s t r ic t in g  o r even stop p in g  r e f r ig e r a n t  flow* 
T h is problem  became p a r t ic u la r ly  a cu te  w ith  th e  advent o f h& logenated 
re f r ig e r a n ts  such a s  th e  Freons and m ethyl ch lo rid e*  in  w hich w ater has 
a  v e ry  lim ite d  s o lu b ility *  Even when r e f r ig e ra n ts  a re  employed in  
which w a te r i s  s u f f ic ie n tly  so lu b le  t o  p rev en t ic e  form ation* m oisture 
m s t  be guarded ag a in st*  C orrosion o f c r i t i c a l  m e ta llic  p a rts*  sludge 
form ation* copper p la tin g  and* in  h e rm e tic a lly  se a le d  u n its*  chem ical 
d eg rad atio n  o f motor in s u la tio n  a re  caused a t  l e a s t  p a r t i a l ly  by th e  
a c tio n  o f m o istu re^ .
Even though e la b o ra te  p rec au tio n s  be taken  to  p rev en t th e  en tran ce  
of w ater in to  th e  system* i t  i s  d i f f i c u l t  and im p ra c tic a l to  reduce  th e  
w ater co n ten t to  a  s u f f ic ie n tly  low value* A d d itio n a l drying by some 
means i s  necessary* In  o rder to  in su re  th e  d e s ire d  degree of d ry n ess, 
s o lid  d e sic c a n ts  having a  h igh  a f f in i ty  f o r  w ater have been employed in  
th e  r e f r ig e ra n t system* These d e s ic c a n ts  e f fe c tiv e ly  remove m oisture 
from  r e f r ig e r a n t  so lu tio n  by chem ical a c tio n  or by p h y sica l adsorp tion*  
I t  h as been found th a t m o istu re  problem s a re  g re a tly  reduced by th e  em­
ploym ent o f such d ry in g  agents*^
1
2Ih  o rd e r f o r  th e  design  en g in eer to  choose th e  most d e s ira b le  d ry - 
lag  ag en t and to  e f f ic ie n t ly  a le e  and lo c a te  th e  d ry er f o r  a  r e f r ig e r a t io n  
system* he a u s t know th e  drying c h a r a c te r is t ic s  o f th e  d esiccan ts*  Re­
f r ig e r a t io n  u n ite  o p e ra te  co n tin u o u sly  f o r  long  p e rio d s  o f tim e* Thus 
i t  nay be assumed th a t  m oistu re w i l l  d is tr ib u te  i t s e l f  th ro u gh o u t th e  
system  u n t i l  e q u ilib riu m  i s  a tta in e d *  The e q u ilib riu m  d is tr ib u t io n  of 
m oistu re betw een r e f r ig e r a n ts  and d e s ic c a n ts  I s  of prim ary im portance* 
R e lia b le  d a ta  on th is  su b je c t a re  lack in g  in  th e  l i te ra tu r e #
D iehl crcK tlfluarom eth one» co am erc ia lly  knoim a s  Freon-12* i s  one of 
th e  m ast w idely  u sed  re fr ig e ra n ts *  S in es w ater has an ex trem ely  lew  
s o lu b i l i ty  in  t h i s  r e f r ig e ra n t  a t  th e  norm al ev ap o ra to r tem peratures*  
i t  i s  v e ry  d e s ira b le  to  know th e  c h a r a c te r is t ic s  o f d e s ic c a n ts  in  Freon-1 2  
dehydration*
The Dee ic  can t S tandards Committee o f th e  American S o c ie ty  o f Re* 
f r ig e r a t ln g  E ngineers r e a l is e d  th e  need fo r  d a ta  d e fin in g  th e  e q u ilib riu m  
d is tr ib u tio n  of m o istu re  between r e f r ig e ra n ts  and com m ercial d esiccan ts*  
th e  Committee has sponsored t h i s  in v e s tig a tio n  in  th e  in te r e s ts  o f th e  
r e f r ig e r a t io n  ind u stry*
The purpose of th is  in v e s tig a tio n  i s  to  d a te  m in e  th e  c h a ra c te r­
i s t i c s  o f s e le c te d  eom uereial d e s ic c a n ts  in  Freon-12 d eh y d ra tio n . More 
s p e c if ic a lly  i t s  purposes a re i
1* Ts develop equipm ent and tech n iq u es fo r  o b ta in in g  r e l ia b le  
d a ta  on th e  eq u ilib riu m  d is tr ib u tio n  of m oistu re between r e ­
f r ig e r a n ts  and d esiccan ts*
2* To e s ta b lis h  eq u ilib riu m  iso therm s r e la tin g  w a te r co n ten t o f 
Freon-12 to  th e  w ater co n ten t of th e  most prom ising and th e  
m ost commonly used  coB m ercial d e s ic c a n ts .
3 ,  To determ ine th e  e f f e c t  of tem peratu re  on th e se  Isotherm s#
m s  jspfbcss and so m m  cap m o istu re  m  m m iw m sm  w®m®
E ffect®  o f M oisture in  R e frig e ra tin g  Systems*
th e  a d d  form ing re a c tio n  betw een s u lfu r  d io x id e  end w ater fo rc e d
th e  re c o g n itio n  o f th e  m o istu re  problem  w ith  t h i s  r e f r ig e ra n t  e a rly  l a
th e  developm ent o f th e  r e f r ig e r a t io n  in d u stry *  In  w et s u lfu r  d iox ide
system s* tro u b le s  developed ra p id ly  and c e r ta in ly ;  th e  cause being  ap**
p aren t*  In  th e  case  o f halongenated re f r ig e ra n t* ; however; th e  h igh
chem ical s t a b i l i ty  o f th e se  compounds le d  to  th e  erroneous b e lie f  th a t
l e e  fC ro a tia n  was th e  o n ly  d e trim e n ta l m oistu re  e ffe c t*  A n tifreeae
compound* such as m ethyl a lco h o l were ©xqpioyed to  p rev en t ic e  fo rm ation
by low ering  th e  f r e  using  p o in t o f th e  sep a ra ted  w ater* Meanwhile th e
w ater rem ained in  th e  system  to  e x e r t i t s  o th e r bad e f f e c ts ;  th e  cause*
of which w ere v a in ly  sought in  o th e r d irec tio n s^ *  R e frig e ra tio n  an*
th o r i t l e s  c u rre n tly  agree th a t  each o f th e  fo llo w in g  e f f e c ts  i s  caused
a t  l e a s t  p a r t i a l ly  by m oistu re in  th e  r e f r ig e ra tio n  sy s te m ic  ;U ;5 ;6 ;7 #
1 * ftreeseups of expansion devices*
2* C orrosion o f m e ta llic  p a rts*
3* Sludge form ation* 
iu  Capper p la tin g *
5* Chemical deg rad atio n  of m otor in su la tio n  
in  h e rm e tic a lly  se a le d  u n its*
S o lu tio n *  o f w a te r in  m ethyl c h lo rid e ; m ethylene c h lo r id e ; th e  F reon s,
bu tane and iso bu tan*  w i l l  se p a ra te  in to  two phases whenever th e  q u a n tity
o f w a te r i s  g re a t enough and th e  tem peratu re  low enough* At th e  low
teB p era tu ree  encountered  in  r e f r ig e ra tio n  e v ap o ra to rs; th e  w a te r i s  l ik e ly
to  se p a ra te  a* ic e  c ry s ta ls*  The most p robab le  lo c a tio n  of th is  separa*
t io n  i*  a t  th e  exp an sion  o r if ic e  w ith  a  consequent r e s t r i c t io n  of
3
1*
r e f r ig e r a n t  flow * t£  s u f f ic ie n t  m oisture i s  p resen t*  th e  o r i f ic e  a«y 
beeonfe com pletely  plugged sto pp ing  re fr ig e ra tio n *
th e  to p e r a to r *  a t  w hich w a te r w il l  a sp e ra te  from  a  r e f r ig e r a n t  
so lu tio n  la  g iv en  tor th e  s o lu b i l i ty  curve of w ater in  th e  re f r ig e ra n t*  
C arves f o r  w a te r in  v a rio u s  r e f r ig e ra n ts  a re  g iven  in  F ig u re  1®* th e  
s o lu b i l i ty  o f w a ter in  Freon-12* F reon-U 3 and F reon-Ill*  i s  ex trem ely  
low a t  norm al ev ap o rato r tem peratures#  C onsiderab ly  g re a te r  q u a n titie s  
of w a ter can be p re se n t in  Freon-21* F reon-22* m ethyl c h lo rid e  md 
m ethylene c h lo rid e  w ith o u t free se u p s occurring* le e  fo rm ation  i s  no 
problem  in  u n i ts  employing s u lfu r  diceri.de* carbon d iox ide o r ammonia as 
re f r ig e ra n ts *
I t  i s  in c o r re c t to  assume th a t  a  free seu p  w i l l  occur whenever th e  
tem p era tu re  d ro ps below th e  s a tu ra tio n  tem peratu re  o f a  l iq u id  aolu ticet*  
The s o lu b i l i ty  o f w a te r in  Freon-12 vapor i s  many tim es th a t  in  th e  l i ­
q u id  a t  th e  same tem perature?* i s  a  l iq u id  Freon-12 w ater s o lu tio n  i s  
vaporised*  th e  l iq u id  p o rtio n  becomes p ro g re ss iv e ly  le a n e r in  w ater# At 
any tim e* th e  vapor p o rtio n  w i l l  co n ta in  a  h ig h er co n cen tra tio n  o f w a te r 
th a n  th e  l iq u id  po rtio n*  See F ig u re  2* thus* any p re d ic tio n  o f f re a s e -  
up te a p e ra tu re s  must in v o lv e  c o n sid e ra tio n  of th e  r e la t iv e  amounts o f 
l iq u id  and vapor a s  w e ll a s  th e  o v e ra ll amount of w a te r p resen t*  For 
in s ta n c e  a t  O T ,  ic e  w i l l  form  from  l iq u id  F reon-12 i f  th e  q u a n tity  of 
w a te r p re se n t exceeds 12 ppm* However* I f  10 p e r c en t of th e  Freon w ere 
in  th e  vap<ar phase* as w e ll m ight be th e  ease a t  an expansion device* 26 
ppm cou ld  be p re se n t w ith o u t ic e  form ation*
Chinw orth end K ata*^ found th a t  s o lid  r e f r ig e ra n t  h y d ra te s may farm  
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7form  a t  tem p era tu res o f and low er whenever th e  q u a n tity  of w ater 
p re s e n t exceeds i t s  s o lu b ility *  Thus* free seu p s due to  h y d ra tes may 
occur i n  u n i ts  o p e ra tin g  a t  tem pera tu res above 32%*
C oeresion in  r e f r ig e ra tio n  system s i s  n o t due d ir e c t ly  to  w ater 
b u t to  compounds of much h igher r e a c t iv i ty  form ed toy the  re a c tio n  of 
w ater w ith  o th e r su b stan ces in  th e  system* S u lfu r d io x id e  and w ater 
combine d ir e c t ly  to  form  th e  h ig h ly  c o rro s iv e  su lfu ro u s so ld*  Halogen 
a c id s  a re  form ed by th e  h y d ro ly sis  of a l l  h a leg en ated  r e f r ig e ra n ts  
whenever w a ter i s  p resen t*  M ethyl c h lo rid e  and m ethylene c h lo rid e  
y ie ld  h y d ro ch lo ric  acid* Both h yd ro ch lo ric  and h y d ro flu o ric  a c id s  may 
r e s u l t  from  h y d ro ly sis  of th e  Freons* C hem ically th e se  compounds a re t 
t r i c h i  o r em cnctfluoreaethane (F reon-11)* d ich lcro d lflu o ro m eth an e  (Freon* 
12)* dicblarom onoflucrosm thane (F rean -2 1 ), m onoehlorodlfluarom ethane 
(FTeon-22)* tr ic h lo ro tr if lu o ro e th a n e  (Freon-113}* and d ic h lc ro te trs i*  
fin e ro e th a n e  (F re o n -llh )*  The r a te  o f h y d ro ly s is  o f th e se  compounds 
would be expected  to  be  v ery  low a t  room tem perature* However* s in c e  
r e f r ig e r a tio n  u n its  a re  operated  f o r  long p e rio d s of tim e and sin ce  com- 
p re s so r tem p era tu res may be q u ite  high* troublesom e q u a n titie s  o f a c id s  
may be formed*
HcGovern? found th a t  th e  r a te  of a c id  fo rm ation  and the  c o rro s io n  
o f Iro n  m d  copper in  m ethyl c h lo rid e  were g re a tly  in c reased  by th e  
p resence o f w ater* The r e s u l ts  of h is  t e s t s  on th e  e f fe c ts  o f o i l  and 
w ater on a c id  fo rm ation  and co rro sio n  a re  g iven  In  Table 1*
C orrosion  t e s t  d a ta  on th e  Freons a re  not a v a ila b le  in  th e  l i t e r a ­
tu re*  However* th e  d a ta  on m ethyl c h lo rid e  should  be in d ic a tiv e  o f th e
TABUS I
THE EFFECTS OF WATER AND OIL CD AOID FORMATION AND C0RR03I0N IN KSJHTL CHLOfilj® 3
Storage time 
Baye
T taperato re  
Beg* F C ontents of Tubes
Corrosion
M g/sq,in#
A cid ity  as 
Fur c e s t HC1
0 77 Methyl Chloride* Bry mm mm 0.0008
1* 222 Methyl C hloride, Dry 0.0008
10 122 Methyl C hloride ♦ T$ Water *• 0.0008
u 19k Methyl C hloride * 2$ Water mm mm 0.276
10 222 Methyl C hloride, Cry and Iron  S trip 0 0.0008
20 222 Methyl C hloride, Water and Ire n  S trip 6.5 o.eti3
20 222 M ethyl C h lcri de , Water and Copper S tr ip It.li 0.008
10 222 M ethyl C hloride, la te r . O il and Iron. 
S trip
2 9 .1 0.170




9g e n e ra l behav io r of ha lo g en ated  re f r ig e ra n ts *  d iffe re n c e s  being  in  th e  
r a te  o f h y d ro ly sis  and s t a b i l i t y  o f f lu o r in a te d  compounds*
A number of au th o rs3*^  *7 have exp ressed  th e  opin ion  th a t  sludge 
fo rm atio n  in  th e  lu b r ic a tin g  o i l  i s  due &t le a s t  p a r t i a l ly  to  th e  e£- 
f e e t  of m oisture* McGovern^ s ta te s*  "Some o i l  sludg ing  nay be caused 
by o r a t  le a s t  enhanced by a c id s form ed from  m oisture* Sludge may a c t 
a s  a  b in d er f o r  s o lid  m etal co rro sio n  p roducts and may i t s e l f  gum up 
p a rte* "  W alker and Bin a l i i ?  found th a t  sludges removed from  r e f r ig e r -  
a tiem  u n its  co n ta in ed  m e ta llic  s a l t s  whose o r ig in  was dem onstrated a s 
be ing  doe to  m oisture*
A d d s fona»d by th e  re a c tio n  between w a te r and r e f r ig e ra n ts  cause 
chem ical d eg rad a tio n  of motor in s u la tio n  m a te r ia ls  in  h e rm e tic a lly  
se a le d  u n its*
The phenomenon of copper p la tin g  has been Observed in  u n its  em­
p loy ing  h alo g en ated  re f r ig e ra n ts 1* ^  Dhder some co n d itio n s copper 
may be d is so lv e d  from  one p a r t  of th e  system  and p la te d  o a t a t  some 
o th e r lo ca tio n *  e s p e c ia lly  on iro n  su rfaces*  The most p la u s ib le  hy­
p o th e s is  on th e  mechanism o f t h i s  tr a n s fe r  i s  th a t  a d d s  produced by 
h y d ro ly sis  o f th e  ha logenated  re f r ig e ra n ts  r e a c t w ith  copper form ing 
so lu b le  s a lts *  The eopper th en  p la te s  out on iro n  and s te e l  su rfa ce s 
ty  th e  re a c tio n *
Cu** ♦ F a  •  Cu ♦ Fe**
The p la tin g  o u t u s u a lly  occurs a t  b earin g  su rfa c e s  where th e  s te e l  i s  
m ost p o lish e d  and th e  tem p era tu re  h ighest*  On b earin g s held  to  c lo se
1
c le a ra n c e s  th is  d e p o site d  m etal may cause th e  bearing  to  g a l l  and bind  *
xo
Sum m arising, i t  can be sa id  th a t  in  F reon-12 , Freon-113 F reon- 
111* w a its , th e  e l tm in a tio n  of free so u p s m i l  p r a c t ic a l ly  e lim in a te  
corrosion* Where th e  o th e r F reo n s, M ethyl C h lo rid e , m ethylene c h lo rid e  
o r sulfur dioxide are eag&oyed, c o rro s io n  and o th e r e f f e c ts  a re  l ik e ly  
to be so re  se rio u s  th a n  ic e  form ation*
Sources o f M oisture in  R e frig e ra tin g  Systems
The eH adnatioQ  of tr a c e s  o f m oisture from  any system  i s  ex trem ely  
d i f f ic u l t  because o f th e  presa& ee of e a te r  in  the  surroundings# A ll 
s o lid  su rfa c e s  absorb  w a ter in  vary ing  amounts and some ho ld  on to  i t  
v e ry  ten acio u sly *  In  r e f r ig e ra tio n  u n its  m oisture may be p re se n t from  
a d d itio n a l so u rces making th e  a tta in m en t and m aintenance o f th e  neces­
sa ry  degree o f d ry n ess even more d i f f ic u lt#  U nits may become m oistu re  
contam inated from  any of th e  fo llow ing  sources s
1* Incom plete fa c to ry  drying#
2* The u se  o f w et o i l  o r r e f r ig e r a n ts .
3* The in tro d u c tio n  o f m oisture during  
se rv ic e  operations*  
k. Low p ressu re  a id e  lea k s o f a i r  and 
m oistu re  in to  th e  system*
5* Leakage in  a  w ater condenser*
6* O xidation  o f hydrocarbons in  o i l  to  w ater*
7* Decom position o f motor in s u la tio n  in  h e r­
m e tic a lly  se a le d  u n its#
M anufacturers o f r e f r ig e ra tio n  u n its  su b je c t th e  u n ite  to  sev ere
dry ing  c o n d itio n s  to  reduce th e  m oisture con ten t to  a  v e ry  low value#
A g re a t d e a l o f in fo rm ation  o f a  g e n e ra l n a tu re  on fa c to ry  d ry in g  i s
a v a ila b le  in  th e literature*^,5 ,1 2 , In fa c to ry  assem bly m ethods, d ry ­
ing  i s  u su a lly  accom plished by a  com bination of h e a t and vacuum or h ea t 
and d ry  a i r  passage through th e  u n it#  Hockley^ and Goddard^ recommend
ubreaking  th e  vacuum w ith  ho t d ry  a i r  a t  some tim e d u ring  th e  drying 
p ro cess and reevacuating*  T h e o re tic a lly  th e se  p ra c tic e s  should reduce 
th e  m o istu re  co n ten t to  a  T ory low value# Assuming th a t  a l l  m oisture 
I s  v a p o rised  and th a t  no o th e r g ases e re  p re s e n t, ev acu atio n  to  50 mt«* 
crons o f m ercury p re s su re  a t  a  tem p era tu re  of 250°F would e f f e c t  a  
le v e rin g  o f th e  w ater co n ten t to  0*001 gram p e r cu b ic  fo o t o f in te rn a l  
volume* However, adsorbed w ater on m e ta llic  su rfa c e s  i s  d i f f i c u l t  to  
remove* A t jo in ts  and co n n ec tio n s, m inute q u a n titie s  of w ater may be 
tra p p e d  to  be l ib e r a te d  to  th e  r e f r ig e ra n t over a  long  p e rio d  o f tim e* 
M ajm facturers of r e f r ig e r a n ts  and o i ls  have been a b le  to  reduce th e  
m oistu re c o n te n t o f th e i r  p roducts to  v e ry  low  values* The p re se n t mois­
tu re  s p e c if ic a tio n s  on Freon-12 i s  10 ppm o r le ss*  T et th e  p o s s ib i l i ty  
e s ta te  o f fu r th e r  m oistu re  contam ination  b e fo re  th e  r e f r ig e r a n t  or o i l  
I s  charged to  th e  r e f r ig e ra tio n  system* Wet se rv ic e  sup p ly  c y lin d e rs  
and connecting  tu b in g  a re  se rio u s  sou rces of m oisture w hich th e  se rv ic e  
man m ist co n tin u o u sly  recogn ise*
The p rob ab le  m agnitude of m oisture contam ination  from  a l l  th e  
sou rces l i s t e d  i s  in determ in ab le  in  general*  O il o x id a tio n  and motor 
w indings decom position should  n o t add g re a tly  to  th e  m oistu re  in  th e  
system* M oisture from  o p e ra tio n a l d e fe c ts , such as low p re ssu re  sid e  
le a k s , and con tam ination  during  se rv ic in g  i s  l ik e ly  to  be la rg e r  in  
nm gnitude and h a rd e r to  e lim in a te  th an  fa c to ry  contam ination* Vacuura- 
h e a t dehy d ra tion  o f  f ie ld  in s ta l la t io n s  has been a ttem p ted  by s e v e ra l 
s e rv ic in g  co m p an ies^ . The p ra c tic e  has n o t proven s a tis f a c to ry  because 
of h ig h  m aintenance c o sts  on p o rta b le  vacuum u n its  and th e  d i f f ic u l ty  of 
app ly ing  h e a t t o  f i e l d  in s ta lla tio n s *
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&  ▼ !«» o f tb s  d e trim e n ta l e ffe c t#  o f sm all amounts of m o istu re  
and d i f f ic u l t i e s  i n  p rev en tin g  th e  en tran ce  o f w a ter in to  r e f r ig e ra tin g  
system *, some method of in te rn a lly  d ry in g  th e  u n its  in  o p e ra tio n  la  de­
s ira b le *  The eopiognaent o f s o lid  d esico an t#  which e f f e c tiv e ly  remove 
w a ter from  s o lu tio n  has bean su c c e ss fu l in  ach iev in g  th is *  A la rg e  num­
b e r o f s o lid  m a te r ia ls  having a  high  a f f in i ty  f o r  m o istu re  a re  a v a ila b le  
com m ercially* These m a te ria ls  p o ssess th e  a b i l i ty  to  remove w ater from  
s o lu tio n s  o f co n cen tra tio n s below the  s a tu ra tio n  co n ce n tra tio n  of w a ter 
in  th e  a d v e n t*  Drying ag en ts which a re  used fo r  th e  d eh n n d d ifio a tio n  
o f a i r  and o th e r gases nay be employed in  r e f r ig e r a n t  dehydration* The 
d e slo ca n t i s  h e ld  In  a  c a r tr id g e  f i t t e d  w ith  f i l t e r s  a t  bo th  ends to  
co n fin e  th e  g ran u la r m ateria l*  The c a r tr id g e  i s  connected to  th e  system  
in  such a  way th a t  e ith e r  l iq u id  o r gaseous r e f r ig e r a n t  p asses th ro u g h  
th e  d e slce an t bed* being dehydrated  a s  i t  passes* The in s ta l la t io n  of 
th e  c a r tr id g e  in  a  r e f r ig e r a t io n  system  may be tem porary  or permanent*
C la s s if ic a tio n  o f D Saiccants
Drying agen ts have been approx im ately  c la s s if ie d  in to  fo u r type# 
a s  fo llo w e rs
1* S o lid  ad so rb en ts w idch remove w ater by th e  phenomenon of su r­
fa c e  a d so rp tio n  and c a p illa ry  condensation such as s i l i c a  g e l 
a id  a c tiv a te d  alum ina*
2* S o lid  ab so rb en ts which remove w ater by chem ical rea c tio n *  Eta- 
axzplea o f th i s  ty p e  a re  calcium  s u lfa te  and magnesium p e rch lo ra te*
n
3 « B eliq uesoen t ab so rb en ts which remove w ater by cheraical re~  
a c tio n  and d is s o lu tio n  such a s calcium  c h lo rid e  and po tassium  
hydrcacLde*
U# L iq u id  ab so rb en ts w hich remove w a te r by  a b so rp tio n  such a  s u l­
f u r ic  a d d ,  lith iu m  c h lo rid e  so lu tio n s  and e th y len e  g lyco l#
th i s  c la s s if ic a t io n  i s  n o t to  be tak en  a s  exact# Some d e s ie c a n ts  
may behave p a r t i a l l y  a s  one ty p e  and p a r t i a l ly  a s  ano ther#  Calcium  s u l­
f a t e ,  f o r  exam ple, removes w a te r by type two mechanism u n t i l  th e  hem i-hydrate 
i s  form ed, th en  ta k e s  up a d d itio n a l m oistu re by p h y s ic a l ad so rp tio n  a s  in  
ty p e  one#
M a te ria ls  o f ty p es th re e  and fo u r a re  u n s a tis fa c to ry  a s  d ry e rs  f o r  
r e f r ig e r a tio n  u n ite#  I t  s u s t be p o ss ib le  to  co n fin e  th e  d esico an t ma­
t e r i a l  even when w et, to  th e  d e sico a n t c o n ta in e r , which cannot be done 
w ith  th e s e  types of m ate ria ls#  A ll d e s ie c a n ts  of s ig n if ic a n c e  as d ry ers 
f o r  r e f r ig e ra tio n  u n its  a re  o f ty p es one and two#
The rem oval o f w a te r from  gases and so lu tio n s  by d e s ie c a n ts  of ty pe  
one in v o lv e s th e  com plicated phenomenon of a d so rp tio n . A lthough a  t r s *  
amadous amount o f stu d y  has been devoted  to  th e  ad so rp tio n  o f g a se s , 
l i t t l e  in fo rm atio n  of a  th e o re tic a l  n a tu re  e x is ts  on a d so rp tio n  from  
l iq u id  so lu tio n s#
J# W illa rd  G ibbs, on th e  b a s is  o f tte ra o d y n a a ic e , d e riv e d  a  r e l a ­
t io n  betw een su rfa c e  te n s io n  and su rfa c e  c o n c e n tra tio n ^ . He showed 
th a t  i f  th e  su rfa c e  te n s io n  of a  so lu tio n  decreases as th e  so lu te  con­
c e n tra tio n  in c re a s e s , th en  th e re  w i l l  be an excess co n cen tra tio n  o f th e  
so lu te  in  th e  su rfa ce  phase over th a t  in  th e  bu lk  phase# One form  of 
th e  G ibbs a d so rp tio n  equation  i s
r  -  -  a  A ( i )
mbs** P  is the adsorption ear excess su rfa c e  co n cen tra tio n  o f a  coispo- 
aant ia msls p a r umit surface fin&i r  is th e  I n te r f a c ia l  te n s io n , a 
le thsdttkislty o f th e  covenant, S , th e  gas c o n stan t and T> th e  abso­
lute teayereture* 5Bie application of thio eq uation  to  eolut icon-so lid  
interfaces le of little value s in c e  no s a t is f a c to ry  method fo r  m easur- 
lag tntwrfacfai tension between liq u id s  and so lid s  has been developed10* 
It doss, however, faradsh a theoretical ex p lan a tio n  o f adsorp tion*
Langiwilr^ f^lSjiy ^  developed an ad so rp tio n  equation  based  on th e  
theory that a solid h as a c ry s ta l  l a t t io e  and th a t  i t s  s e r f  se e  l a  l ik e  
a checkerboard with atone arran g ed  in  an o rd e rly  fash ion*  Sach su rface  
atom  has fires v a len ces which o re  a v a ila b le  f o r  a tta c h in g  to  one* and 
ady QMi molecule from  a gas phase a r  from  so lu tio n *  fhus, th e  ad* 
sash ed  layer can be o n ly  one molecule thick* th e  eq u atio n  w hich d e fin e s  
L angndr**  adsorption isotherm is
w here I / m i s  th e  q u a n tity  of ads or b a te  adsorbed p e r u n it q u a n tity  o f 
a d so rb en t, and kg a re  c o n s ta n ts  and G i s  th e  e q u ilib riu m  co n cen tra ­
t io n  o f a d sa rb s te  in  th e  so lu tio n *
The esg x lrlea l eq u atio n  of F ru cn d lich
a being a  co n stan t sad  th e  o th e r symbols having th e  same meaning a s  in  
equ atio n  2 has beam found to  f i t  some ad so rp tio n  d a ta  b e t te r  th an  th e  
la a g sB lr equation20*
Both T^mgn«4y end F ru sn d lich  eq u atio n s have been found to  f i t  ex ­




depends on th e  in d iv id u a l case# However* n e ith e r  o f th e se  eq u atio n s 
has bean found to  ap p ly  to  ad so rp tio n  In  th e  h igh  c o n ce n tra tio n  range#
Theix main field o f usefulness i s  in  ex tend ing  data#  Ones a  system  
has been found to fo lio *  one of th e s e  re la tio n e *  th e  tem pera tu re  e f f e c t  
cm th e  constants may he ev a lu a ted  and iso th e ria i p re d ic te d  on th i s  be* 
ale at d if f e r e n t  tem p era tu res20#
has found  evidence o f a n ltim d s c u la r  ad so rp tio n  from  fcfc* 
n a ry  l iq u id  e o la tio n s#  W illiam s22 found th a t  in  th e  ad so rp tio n  o f 
album in on la te x *  th e  i s  o th e r o s w ere convex to  th e  co n ce n tra tio n  a x is  
in  th e  h igh  co n ce n tra tio n  ran ge  w hich i s  c o n tra ry  to  th e  Langnmlr theory#
In  th e  p re se n t s ta g e  of development* i t  i s  n o t p o ss ib le  to  p re d ic t 
a d so rp tio n  iso th erm s from  so lu tio n  on th e  b a s is  o f theory**0.  F cr prao» 
t i c a l  a p p lic a tio n *  i t  i s  n ecessa ry  t o  d e te rm in e  th e  iso therm s experim entally*  
C e rta in  su b stan ces ta k e  up m ater to  form  d e f in ite  chem ical com* 
pounds c a l le d  h y d ra te s . Xa th e se  hydrates*  th e  m ater i s  an in te g ra l  
p a r t  o f th e  compounds* being  p re se n t In  d e f in i te  s to ic h io m e tric  quan» 
t i t l e s #  Some m a te ria ls  f o r a  s e v e ra l hydrates*  each having d if f e r e n t  
p h y s ic a l p ro p e rtie s#  I t  i s  c h a ra c te r is tic  o f th e se  compounds th a t  each 
h y d ra te  has a  d e f in ite  m ater vapor p re ssu re  a t  a  g iven tem perature* I t  
fo llo w s th a t  th e  vapor p re ssu re  o f a  m ix ture o f two h y d ra te s i s  th a t  of 
th e  h ig ie r  h y d ra te . Open r a is in g  th e  tem perature* th e  h y d ra te s dscom# 
pose in  a  stepw ise  manner form ing w ater and th e  next low er h y d ra te  u n t i l  
th e  anhydrous m a te ria l i s  produced* In  general*  th e  c ry s ta l  l a t t i c e  of 
h y d ra ted  s a l t s  i s  d estro y ed  upon co u p le ts  deh y d ratio n s and th e  c r y s ta l  
c o lla p se s  in to  a  powder# A very  im portan t excep tion  to  t h i s  i s  calcium
s u lf a te  w hich r e ta in s  i t s  m echanical s tre n g th  m m  in  th e  anhydrous 
cond ition*
S o t a l l  h y d ra te  form ing mspQmdB a re  s u ita b le  f o r  u se  m  d e s io - 
soo ts*  th e  v^>otr p re s su re  of many h y d ra ted  compounds la  eo h igh  th a t 
th e  h y d ra te  n i l  g iv e  up m o istu re  t o  th e  atm osphere u n t i l  th e  anhydrous 
e s p a n d  i e  form ed. H ow var, some have v e ry  lo r  vapor p re ssu re s  and 
a re  e x c e lle n t d esiecan ts*
B a y lrw m tta  o f R e frig e ra tio n  Deaiocatxba
th e  su c c e ss fu l employment o f d e s ie c a n ts  in  r e f r ig e ra tio n  system s
re q u ire s  th a t  th e  d ry in g  ag en t p o ssess c e r ta in  p ro p e r tie s  in  a d d itio n
to  h ig h  m o istu re  a f f in ity *  A deslccattb  s u ita b le  f o r  u se  in  such sys»
te a s  m a t  meet th e  fo llo w in g  requ irem en ts i
1* High d ry in g  e ffic ie n cy *
2 . High capacity*
J* S a tis fa c to ry  d ry in g  ra te *• Chem ical s ta b il i ty *
5* P h y sica l s ta b ili ty *
6* Of such f e n  th a t  p re ssu re  drop of f lu id s  
flow ing  th rou g h  a  bed i s  low*
th e  te rm  d ry ing  e ff ic ie n c y  in  comm  usage r e f e r s  q u a lita tiv e ly
t o  th e  amount of m oistu re  removed from  so lu tio n  by th e  d ry in g  agent*
Othmor and K irk?3 d e fin e  d ry ing  e ff ic ie n c y  a s th e  f ra c tio n  of th e
t o t a l  w ater in p u t removed by th e  d e s ic o a n t. In  th e  dehydration  of
r e f r ig e r a tio n  u n its*  e ff ic ie n c y  d e fin ed  in  th is  way would be a  fu n c tio n
o f th e  r a t i o  o f th e  mass of th e  d esico an t to  th e  moss of th e  re fr ig e ra n t*
Thus* e ffic ie n cy *  by th is  d e fin itio n *  does n o t ad eq u ate ly  d efin e  a  pro*
p a r ty  of th e  d esiceen t*  Since* in  r e f r ig e ra tio n  u n its*  e q u ilib riu m
betw een w ater in  th e  d so iccan t and w ater in  t h e  r e f r i g e r a n t  I s  a t t a i n e d .
17
a f t e r  a  r e la t iv e ly  s h o r t tim e of o p e ra tio n , th e  te rm  “drying e ff ic ie n c y ” 
sho u ld  in d ic a te  th e  m oisture co n ten t o f th e  r e f r ig e r a n t  a t  equilibrium * 
A d e s ic c a n t w hich *111 d ry  a  su b stan ce  to  zero  w ater co n ten t i s  100 p er 
c e n t e f f ic ie n t*  One w hich w i l l  n o t remove any w ater from  a  s a tu ra te d  
s o lu tio n  o b v io u sly  h as a e ro  e ffic ie n c y *  Thus, d ry in g  e ff ic ie n c y  may be 
d e fin e d  a s
K e ff ic ie n c y  .  x  lo o  (U)
CB
w here Cg d e sig n a te s  th e  c o n o e n tra tle s  o f w a ter in  a  s a tu ra te d  so lu tio n  
end C*, th e  c o n c e n tra tio n  in  eq u ilib riu m  w ith  th e  d esiccan t*  The term  
"d ry in g  e ffic ie n c y *  w i l l  h are  t h i s  meaning when u sed  th roughout th is
The c ap a c ity  o f a  d e s ic c a n t i s  th e  q u a n tity  o f w a ter th a t  a  u n it  
q p a a tity  o f d e sico a n t eaa ta k e  up w h ile  s t i l l  m ain tain ing  th e  d e s ire d  
e ffic ie n c y *  l a  r e f e r r in g  to  d ry in g  c h a r a c te r is t ic s , i t  i s  n o t p o ss ib le  
t o  d iv e rse  d ry ing  c ap a c ity  from  dry ing  e ffic ie n c y *  They a re  in te r r e ­
la te d *  2h tb s  e a se  o f a l l  a d so rp tio n  type d e s ie c a n ts , d ry in g  e ff ic ie n c y  
d ec rease s co n tin u o u sly  a s  th e  d e s ico a n t ta k e s  up w ater* I t  fo llo w s th a t  
th e  d ry ing  c a p a c ity  o f a  d e s ic c a n t depends upon th e  amount o f w ater th a t  
sen  be  to le r a te d  in  th e  e f f lu e n t so lu tio n *
A lthough d ry ing  r a te  i s  o f some Im portance in  the  d eh yd ra tio n  o f 
r e f r ig e r a tio n  sy stem s, i t  i s  secondary  to  o th e r co n sid era tio n s*  Drying 
r a t e  depends on th e  p a r t ic le  e ls e  of th e  d esiccan t to g e th e r w ith  o th e r 
fa c to rs*  8 inee th e re  i s  u su a lly  a  co n sid erab le  p e rio d  of tim e between 
th e  s t a r t  up of a  u n it  and th e  occurrence o f m oisture tro u b le , i t  i s  
b e lie v e d  th a t  th e  drying r a te  of p r a c tic a lly  a l l  com m ercial d e s ie c a n ts
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i s  s a t is f a c to r y  f o r  th e  d eh y d ra tio n  o f  r e f r ig e r a tio n  system s#
1  s a t is f a s to r y  d e a lsc an t m ast be chem ically  s ta b le  tow ard a l l  
su b stan ces in  th e  system  o th e r th a n  w ater*  th is  sta tem en t should be 
q u a lif ie d  l a  th a t  th e  rem oval o f a s id e  from  so lu tio n  by d e a l counts i s  
d e s ira b le #  th e  s o l id  d ry in g  m a te r ia l m ist be in so lu b le  in  th e  r e f r ig *  
e ra a t p rev e n tin g  i t s  being  tr a n s fe r re d  to  p a r ts  o f th e  system  where I t s  
p resen ce  would be harm ful# She f a c to r  o f chem ical s t a b i l i t y  i s  a  v e ry  
in p u rtam t one aad  one w hich e lim in a te s  many o therw ise  e x c e lle n t dee*
1c o a s ts  from  use in  r e f r ig e r a tio n  systems#
P ty s ie a l s t a b i l i t y  i s  a ls o  v e ry  isp o rta n t#  A ccording to  S terk^b  
tb s  d e a ie c sa t p a r t ic le s  a re  su b je c ted  to  a  sev ere  J o ltin g  a c tio n  in  
r e f r ig e r a tio n  u n i ts  w hich makes a t t r i t i o n  a  p a r t ic u la r  problem# Des*» 
i s  c an t d u s ts  have d e trim e n ta l e f f e c ts  on com pressor p a r ts  and may 
c o n tr ib u te  to  uLegging o f th e  system# th e  d e sio can t must m ain tain  
i t s  p h y s ic a l s t a b i l i t y  even when wet#
th e  p ressu re  drop th ro ug h  th e  d eeico u n t bed m ist be co n sid ered  
whan s e le c tin g  a  desieeazst fo r  a  r e f r ig e ra tio n  u n it#  fh is  f a c to r  i s  
th e  dom inant one in  d eterm in ing  th e  optimum p a r t ic le  s iz e  f o r  th e  dec* 
lec an t#  H ig i p re ssu re  drop  th rough  th e  bed  in c re a se s  th e  load  on th e  
e e sp re sse r and in c re a se s  power c o s ts . Because of th i s  p re ssu re  d rop , 
d ry ing  c a r tr id g e s  a re  sometimes p lac ed  in  a  system  th en  removed a f te r  
th e  m o istu re  has been tr a n s fe r re d  to  th e  d e s ic c a n t.
E v alu a tio n  of V arious Commercial D esiccant* f o r  R e frig e ra n t D eh y d ra tio n  
The v e ry  ex ac tin g  requ irem ents o f  d e s ie c a n ts  f o r  u s e  In  r e f r ig e r a ­
t io n  d ry e rs  a s  s e t  fo r th  in  t h e  preced ing  se c tio n  a r e  su ch  as to  e l im in a te
same com m ercial d e sio e a n ts  from  co n sid era tio n *  B efore ask ing  a  s tu d y  
« f th e  d ry in g  e f f ic ie n c ie s  and c a p a c itie s  o f d e s ie c a n ts  f o r  re f r ig e ra *  
tiem  use*  i t  i s  w e ll to  make a  survey  of th e  com m ercially a v a ila b le  
d e s lc e a a ts  to  determ ine i f  th ey  s a t i s f  a c to r i ly  n e e t th e  o th e r req u irem en ts .
Phosphorus pen tox ide i s  th e  most e f f ic ie n t  d e s ic c a n t known* The 
e q u ilib riu m  vapor p re s su re  i s  so low th a t  p re se n t methods a re  no t cap* 
a b le  o f m easuring it? 5 * 2 6 # However* phosphorus pentcoritdo r e a c ts  w ith  
w a ter to  form  phosphoric a c id  which cannot be to le r a te d  in  a  re f r lg e ra *  
ticm  system*
Calcium  a s id e  i s  an e f f ic ie n t  d e sicc an t b a t i t  i s  u n sa tis fa c to ry  
beeaase o f i t s  d u s tin g  ten dencies*  I t s  s o lu b i l i ty  when w et and i t s  
earaesivw nsss*  Uodsr some co n d itio n s i t  may be employed in  d ry ing  r e ­
f r ig e r a n t  system s i f  i t  i s  p laced  In  th e  system  f o r  o n ly  a  s h o r t tirne^?*
Calcium  c h lo rid e  has an  ex trem ely  h ig h  capacity*  absorb ing  w ater 
u n t i l  d isso lu tio n *  I t s  d ry ing  e ff ic ie n c y  i s  r e la t iv e ly  lew* however* 
ran k in g  a s  one o f th e  p o o rer d e s ie c a n ts  in  th i s  r e s p e c t ^ ^ I t  i s  
c o rro s iv e  and w a te r so lub le*  becoming s tic k y  when wet* In  view  of th e se  
f a c to r s  c a lc iu m  c h lo rid e  i s  n o t s a t is f a c to r y  a s  a  r e f r ig e r a n t  d e s ic c a n t.
Both magnesium p e rc h lo ra te  and barium  p e rc h lo ra te  a re  e x c e lle n t 
d e s ie c a n ts  ex cep t th a t  th e y  la c k  chemic a l  s t a b i l i t y  in  th e  p resence of 
o rg an ic  conpotm da. Both a re  stro n g  o x id is in g  ag en ts being  exp losion  
h asa rd s in  th e  p resen ce  o f o i l  and re frig e ra n ts® .
Barium oxide* magnesium oxide* sodium  hydroxide and potassium  
hydroxide a re  a l l  w a ter so lu b le  to  a  c e r ta in  e x te n t and may cause d*~ 
g e n e ra tio n  of p a r ts  i f  th ey  became d is tr ib u te d  th roughout a  r e f r ig e ra tio n  
system .
Ib e  f a c to r s  o f s o lu b i l i ty  «nd c o rro s iv e  n a tu re  o f a in e  c h lo r id e , 
s ia *  brom ide and calcium  brom ide e lim in a te  th e se  confounds from  con-*
« id e ra tio n  a s  d ry in g  ag en ts f o r  re f r ig e ra n ts *
a n e n t e  i s  a  s p e c ia lly  p rep a red  farm  of anhydrous calcium  eu l*  
fa te *  produced by d eh y d ra tio n  of v ery  pure  gypsum (Ga SQ^ * 2 HgQ) o r 
th e  heM h«hydreta (C a SCfy # £  HgO)30* 3 \  i t  i s  n o t so lu b le  In* nor chem* 
i e a l l y  a e tiv e  tow ard  th e  eonuoa r e f r ig e ra n ts  and o rg an ic  l iq u id s . I t  
does n o t shrink^ expand o r d is in te g ra te  upon h y d ra tio n  o r dehydration* 
E T ie rite  h as been found  to  be v e ry  e f f ic ie n t  in  th e  d ry in g  o f s ir*  I t  
ta k e s  up  m oistu re  p r im a rily  by  th e  fo rm ation  of th e  hend.~hydrate u n t i l  
th e  m o istu re  c o n te s t re a d ie s  6*6 p a rte  p e r 100 p a r ts  d ry  d esiccan t*  
H m s p d ^  s ta te s  th a t  f o r  th e  d ry ing  o f o rg an ic  liq u id s*  th e  coople* 
t i e s  o f  ham L-hydrate fo rm atio n  i s  th e  p r a c t ic a l  d ry ing  l im it  o f B rie rit©  
a lth o u g h  seme a d d itio n a l m o istu re  may be removed by p h y s ic a l adsorp tion*  
E T ia rite  has a  g re a te r  tendency to  d u e t th an  some o th e r d e s ie c a n ts^ .
I b is  to g e th e r  w ith  i t s  r a th e r  le v  c a p a c ity  a re  th e  p r in c ip a l disadvan­
ta g e s  o f B r lo r ite  fo r  r e f r ig e r a t io n  dryers*
S i l ic a  g e l i s  a  h ig h ly  porous ad so rben t p rep a red  by th e  coagula­
t io n  of a  c o llo id a l  s o lu tio n  o f s i l i c i c  acid* fo llow ed  by washing and 
d e h y d ra tio n ^ . As u sed  i t  i s  a  g la s s l ik e  su b stan ce  w hich i s  q u ite  
h a rd  and b r i t t l e *  does n o t d o st o r powder ap p rec iab ly , i s  non**reactive 
end non-co rrosive#  S i l ic a  g e l adso rbs m oisture from  web a i r  u n t i l  i t s  
m oistu re  co n ten t reach es approxim ately  kO p e r cen t (d ry  s o lid  b a sis)*
The h ig h  a d so rp tiv e  c a p a c ity  o f s i l i c a  g e l i s  a ttr ib u te d  to  i t s  ex trem ely  
la rg e  su rfa c e  a re a  which i s  re p o rte d  to  be BOO square  m eters p e r graaoPS*
nSovabeed is q u ite  s im ila r to  s i l i c a  g e l excep t th a t  i t  c o n ta in s  a  
binding material l a  a d d itio n  to  s i l i c a  gal* I t  i s  produced In  th e  form 
of spherical poliots w ith  th e  appearance o f amber tra n s lu c e n t g laes^ k . 
The principal advantage of Sovabead over s i l i c a  g e l claim ed by i t s  mam** 
fac&nrers is its resistance to attrition^ # The sh arp  co rn e rs mad edges 
of granular particles w hich a re  a p t to  be broken o f f  a s  d u st a re  e lim i­
nated by forming th e  m a te r ia l in to  sp h e ric a l p e l le t s .  In  o th er re s p e c ts  
its proparties a re  s im ila r  to  those o f s i l i c a  g e l.
Activated alumina is essentially aluminum ox ide (AlgG^) in  porous 
aaorpbms form aith minor amounts of h y d ra ted  alumina and v e ry  small 
amounts o f sodium aside (RegO). silica (SlOg). f e r r i c  oxide (Fe^Oj) 
and titenia (X tG fe)^* the high p o ro s ity  and su rfa c e  a re a  o f a c tiv a te d  
alumina give i t  a  large a d so rp tiv e  c ap a c ity  pear u n it  a re a  a lthough  I t s  
capacity is samsshat less th a n  s i l i c a  gel. Xt I s  In e r t  tow ard most 
organic compounds* is m echanically  stro n g  and I s  in so lu b le  in  r e f r ig e r ­
ants and oil. Veltmmn and W aring* re p o r t th a t a c tiv a te d  alum ina i s  
subject to g re a te r  a t t r i t i o n  th an  e ith e r  s i l i c a  g e l o r dorabead.
B aux ite , an alm sinuia o re . co n ta in s by an a c c id e n t o f n a tu re  a
m ixture o f compounds most o f which have been proposed as d e sicc an t
m a te r ia ls . A chem ical a n a ly s is  o f F lo r i te  D esiccant (a c tiv a te d  baux­
i t e )  show**?
A2g03 60 -  70 %
fiLCfc 2 - 1 1 / 6
PefcOj 10 -  20 %
fiCfe 1 - 3 %
Xt has been found th a t  o rd in a ry  e a r th  i s  an adequate ad so rb en t I f
p ro p e rly  a c tiv a te d .
uF lo r i te  D esiccan t la  & h a rd , p a ro u s , n a n -c o rro s iv e , in so lu b le  
b a u x ite  s p e c ia lly  p rep a red  ms a  d ry in g  agent^®* I t  does n o t so fte n  o r 
powder when s a tu ra te d  w ith  w ater* C apall# Amaro and Moore3T s ta te  th a t  
F lo r i te  D esiccan t has a  c a p a c ity  f a r  w ater o f 6 p e r cen t of I t s  w eigh t 
and th a t  I t  d r ie s  l iq u id  hydrocarbons to  10 ppm w ater*
T ran  th e  above c o n s id e ra tio n  o f th e  p ro p e rtie s  o f  v a rio u s  conaaer- 
d a l  d eaiG can ts, s i l i c a  gel#  Soreheads# a c tiv a te d  alum ina# F lo r i te  
Deslecaxxt and  B r ie r l te  appear prom ising a s  d ry in g  ag en ts fo r  r e f r ig e r a ­
t io n  sy s te m *  d l l  o f th e se  p o ssess s u f f ic ie n t  chem ical and p h y s ic a l 
s t a b i l i t y  and m echanical s tre n g th  to  p rev en t d e trim e n ta l e f fe c ts  in  
r e f r ig e r a t io n  u n its*  I t  was f e l t  th a t  th e se  d e s ie c a n ts  w arran ted  f u r ­
th e r  stu d y  a s  to  e ff ic ie n c y  and c a p a c ity  in  r e f r ig e ra n t dehydration*
m u m  of PREViotrs investigations
The f a c to r s  o f chem ical and p h y s ic a l s t a b i l i t y  o f d e s ie c a n ts  a re  
v a i l  e s ta b lish e d *  ^drying r a te s  o f th e  d e s ie c a n ts  nay be assumed t o  be 
s a t is f a c to r y  f o r  u se  In  r e f r ig e ra tio n  system s* The two o th er most in *  
p o rte n t c h a r a c te r is t ic s  o f d ry in g  ag en ts a re  dry ing  e ff ic ie n c y  and d ry ing  
cap acity *  These f a c to r s  a re  d efin ed  by eq u ilib riu m  Isotherm s re la tin g  
th e  w ater c o n te n t o f th e  d e sie c a n ts  to  th e  w ater con ten t o f th e  r e f r ig -  
ersnh* R e liab le  d a ta  o f t h i s  n a tu re  a re  lac k in g  in  th e  l i t e r a tu r e  
a lth o u g h  some in v e s tig a tio n  has been done on th e  sub ject*
W alk er^  p u b lish ed  some d a ta  on th e  com parative e f f ic ie n c ie s  of 
d ry in g  ag en ts in  th e  d eh y d ra tio n  o f s u lfu r  d iox ide  and m ethyl ch lo rid e*  
The r e s u l ts  o f h is  t e s te  a re  g iven  in  Table II*
I t  i s  d i f f i c u l t  t o  a r r iv e  a t  c o n c re te  conclusions on th e  b a s is  o f 
th e se  data* Ho s ig n if ic a n t d iffe re n c e  I s  shown in  th e  dry ing  e f f ic ie n t  
e ie s  o f  a c tiv a te d  alum ina* B rie rite *  s i l i c a  g e l and calcium  ch lo ride*  
Calcium  a sid e  seems to  be a  le e s  e f f ic ie n t  d ryer th an  th e  o th e r four*
In  general*  th e se  d a ta  In d ic a te  th a t  th e  m oistu re  co n ten t o f th e s e  r e -  
fy ig e ra a te  i s  reduced to  a  low er v a lu e  in  th e  vapor phase th an  in  th e  
l iq u id  phase* I t  a ls o  appears th a t m ethyl ch lo rid e  can be d r ie d  to  a  
low er m oistu re  co n ten t th an  s u lfu r  dioxide*
V eltaaa and w aring^ re p o rte d  a  lim ite d  amount o f d a ta  on th e  r e l ­
a tiv e  w ater h o ld in g  c ap a c ity  o f s i l i c a  gel* Sovmbeada* a c tiv a te d  alumina* 
Spoorlan C a tc h a ll and B r ie r i te  in  eq u ilib riu m  w ith  Freon-12 a t  77°F. The 
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IKBESr*
I n i t i a l l y
Alumina s u lfu r  d io x id e liq u id O.I0 0*005
s u lfu r  d io x id e vapor 0*01
m ethyl c h lo rid e liq u id 0*02 0*006
m ethyl c h lo rid e vapor 0*01 M .
D r ia r ite s u lfu r  d io x id e liq u id 0*35 0*009
s u lfu r  d io x id e vapor 0*08 -----
m atter! c h lo rid e liq u id 0*05 0*003
m ethyl c h lu rld s vapor 0*0b
S ill© a  G el e u lfo r  d io x ide liq u id 0*15 0*006
s u lfu r  d iox ide vapor 0*01
m ethyl c h lo rid e liq u id 0*01 o*oou
m ethyl c h lo rid e vapor 0*01 —
C alc in e s u lfu r  d iox ide liq u id 0*20
Oxide
s u lfu r  d io x id e vapor 0 .15 —
m ethyl c h lo rid e liq u id 0*3$
m ethyl c h lo rid e vapor 0*08
Calcium e u lfu r  d iox id e liq u id o.op 0*033
C hlo ride
e u lfu r  d iox ide vapor 0.Q3
m ethyl c h lo rid e liq u id 0*10 0*005
m ethyl c h lo rid e vapor 0 .QU
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These d a ta  da n o t appear to  be r e l ia b le  to r  s e v e ra l reason** Tb® 
a p p ara tu s employed f o r  th e  a tta in m en t o f e q u ilib riu m  betw een th e  d ee- 
le c a n ta  and r e f r ig e r a n t  was a  r e f r ig e r a t io n  u n it*  A d e s ic c a n t c a rtr id g e  
co n ta in in g  25 g ran s of d e s ic c a n t * p re s a tu ra tc d  to  known w ater content* 
was in s e r te d  in  th e  h ig h  p re ssu re  l iq u id  lin e *  E q u ilib riu m  was suppos­
e d ly  e s ta b lis h e d  by re p e a te d ly  p a ssin g  w et Freon-12 over th e  d e s icc an t 
u sin g  a  w eight r a t i o  o f 125 p ast*  of Freon-12 p e r p e r i d esiccan t*  The 
t i n s  o f e lr e u la tio n  was n o t g iven  n o r was th e re  any re c o rd  o f te s ta  
showing th a t  e q u ilib riu m  was a tta in e d *  She a t t a inmen t  o f eq u ilib riu m  
was a p p a re n tly  assumed which may o r may mot have been co rrec t*  The 
f i n a l  m o istu re  co n ten t o f th e  d e s ic c a n t was a rr iv e d  a t  by a  m a te ria l 
balance* th e  t o t a l  w a te r in  th e  dsalccanb a t  e q u ilib riu m  being  th e  in ­
i t i a l  m o istu re  p lu s  th a t  removed from  th e  Freon-12* I t  Should be no ted  
th a t  every  re f r ig e ra tin g  system  co n ta in s some unkncsm q u a n tity  o f w a te r 
w hich i s  n e t accoun ted  f o r  by th i s  method* A c e r ta in  unknown q u a n tity  
o f w a ter i s  to  be found  d isso lv e d  in  th e  lu b r ic a tin g  o i l  and adsorbed 
on th e  m eta l w a lls  in  v a rio u s p a r ts  o f th e  system* Some lu b r ic a tin g  
o i l  i s  c a rr ie d  along  w ith  th e  r e f r ig e r a n t  which may o r may n o t e f f e c t  
th e  dry ing  c h a ra c te r is t ic s  o f th e  d esiccan t*
Veltman and W aring re p o rte d  fo u r p o in ts  on bo th  s i l i c a  g e l  and 
Soreheads* Only two w ere re p o rte d  on each o f th e  d e * ic c a n tsf a c tiv a te d  
alui& na* Sporlan  C a tc h a ll and D rie rite *  These d a ta  a re  in s u f f ic ie n t  to  
e s ta b lis h  com plete isotherm s*
S tark?  ^  in v e s tig a te d  th e  d is tr ib u tio n  of m oisture between Freon-12* 
s i l i c a  gel* Soreheads and a c tiv a te d  alum ina in  th e  h ig h  p re s su re  l iq u id
*7
l in e  and in  th e  low  p re s su re  s id e  o f th e  machine* S te rk fs d a ta  i s  
c o n s is te n t and th e  iso th erm s a re  w e ll defined* th e  resu lt®  of h is  m» 
periuw ata  a re  shewn in  F ig u re  k . He a ls o  showed th a t  eq u ilib riu m  was 
a tta in e d  in  lU hours o f o p e ra tio n  of th e  r e f r ig e r a to r , th e  equipm ent 
and asth o d s employed by S te rk  in  h is  in v e s tig a tio n  a re  e s s e n tia lly  th e  
saws a s  th o se  o f V e ltssn  and W aring and a re  su b je c t to  th e  same c r i t i ­
c ism . th e  te iq > eratu re  a t  w hich h is  m easurements w ere made i s  n o t given 
in  th e  a r t i c l e  n o r i s  th e re  any evidence o f ex ac t tem peratu re  co n tro l*  
Wines tem p era tu re  in flu e n c e s  e q u ilib riu m  re la tio n e  to  a  co n sid erab le  
ex ten t*  th i s  i s  b e lie v e d  to  be an im portan t om ission* In  th e  m easure* 
meat o f e q u ilib riu m  v a lu es on th e  low p re ssu re  s id e  of th e  u n it*  th e  
d e s ic c a n t c a r tr id g e  was p laced  f  o llcw ing  th e  expansion v a lv e  between 
th e  f i r s t  end second shelves*  At t h i s  p o in t in  a  u n it  th e  r e f r ig e ra n t  
e x is ts  p a r t i a l l y  in  th e  l iq u id  phase and p a a rtia lly  in  th e  vapor phase*
I t  i s  im probable th a t  th e  m oisture co n ten t of l iq u id  r e f r ig e ra n t and 
th a t  o f r e f r ig e r a n t  vapor in  eq u ilib riu m  w ith  a  d e sicc an t of a  g iven  
m oistu re  co n ten t a re  th e  same* Thus* i t  appears th a t  th e  o v e ra ll equi­
lib riu m  m o istu re  co n ten t o f th e  r e f r ig e ra n t should  be a  fu n c tio n  of th e  
r e la t iv e  amounts o f l iq u id  and vapor* which was n o t known.
W* A* Pennington^0 esiab H ab ed  iso th erm s over lim ite d  concentra*  
t lo n  rouges of th e  e q u ilib riu m  d is tr ib u tio n  o f m oisture betw een Fre<%b*12 
and s i l i c a  g e l and Sov&beads a t  20°F, XOOQF and 125°F» He found th a t  
s i l i c a  g e l and Sovabsads could  be a c tiv a te d  by a  cQMfoination of h e a t 
and vacuum to  zero  e f fe c tiv e  m oistu re  c o n ten t. The m oistu re  co n ten t 
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a S i l i c a  Gel (low p r e s s u r e  s id e )  
e  S o v a b e a d  (low p r e s s u r e  s ide )
FIGURE 4,
W a te r  in  F r e o n - 12, ppm
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MMatlaliy sera, Panningtco'a results are given la Figure 5, Again 
the used was & food  lr«8t«r which i s  n o t w e ll s u ite d  to  th e
establishment o f fundamental equilibrium re la tio n sh ip s*
1th e  equipm ent and tech n iq u es employed by  Veltman and W aring ,  
S i# * * 1* and Bwm ingtcn^0  r a r e  e s s e n tia l ly  th e  earns# th e  tem peratu res 
a t  w hich th e  in v e s tig a tio n s  w ere made were no t ttie  same 1ay any two In­
v e s tig a to rs  so  th a t  a d ir e c t  com parison cannot be made# However, i t  
w ould be ex p ec ted  th a t  th e  g e n e ra l shape of th e  iso therm s a t  d if f e r e n t  
tem p era tu res should  be s im ila r#  Xt would a lso  be expected  th a t  tern# 
p e ra tu re  would have some e f f e c t  on th e  e q u ilib riu m  values# F or th e  
purpose o f com parison, th e  r e s u l ts  o f each o f th e  in v e s tig a to rs  on th e  
e q u ilib riu m  d is tr ib u tio n  of m oisture between l iq u id  Freon*. 12 and s i l l *  
ea  g e l a re  shown in  F ig u re  6# When th e se  d a ta  a re  tak en  a s  a  w hole, 
Im c o a a ls ta n d e e  a re  ev iden t#  The d a ta  of Pennington fo llo w  p a ra b o lic  
cu rves w hereas th o se  o f Veltmaa mid W aring and S te rk  show l in e a r  r e ­
la tio n sh ip s*  Pennington ** d a ta  in d ic a te s  th a t  fo r  a  d e s ico a n t of a  
g iv en  m o istu re  c o n te n t, th e  w a te r co n ten t o f Freon-12 in c re a se s  w ith 
tem perature#  Three of th e  fo u r p o in ts  o b tain ed  by Veltman and W aring 
a t  7 7 ^  f a l l  alm ost e x a c tly  on Penning ton’s  125>°F curve# On th e  b a s is  
o f th ese  d a ta  as a w hole I t  cannot be concluded th a t  te inperatu re  has 
any e f f e c t  on th e  eq u ilib riu m  re la tio n sh ip s*  This I s  c o n tra ry  to  th e  
g e n e ra l re la tio n s h ip  u s u a lly  found betw een tem peratu re  and a d s o rp tio n ^ , 
in  w hich ad so rp tio n  d ecreases w ith  tem peratu re  in creases#
In  view of th e  c o n sis ten cy  o f each in d iv id u a l a u th o r’s d a ta  and 




























































































































































































COMPARISON OF PREVIOUS INVESTIGATORS' RESULTS. ON MOISTURE 
EQUILIBRIUM : BETWEEN F R E O N -  12. AND SILICA , GEL
A Renningforfs da ta  di  L25°F 
© .P e M in g tH T i, d a lD L .a t 1 0 0 °  F
□ Data of Veltman and Waring 
a t  7 7 ° F
o Data of S t e r k  (high pressure 
l iqu i d )
FIGURE 6
3 0  1 4 0  ! 50
Water in Freon-12, ppm
V-O
H
&th a t  v a ria tio n s  w ere due to  p e c u lia r i t ie s  o f th e  in d iv id u a l p ie c e s  of 
equipm ent and th e  teelm iques employed.
I t  was concluded from  th e  l i t e r a tu r e  survey  on th e  su b jec t of 
m o istu re  e q u ilib riu m  between re frig e ra n t©  and d e s ie c a n ts  th a t  th e  
methods employed by p rev io u s in v e s tig a to rs  on th e  su b je c t a re  u n s a tis ­
fa c to ry *  k  need e x is ts  f a r  im proved ap p ara tu s and techn iques fo r  
making such e q u ilib riu m  s tu d ie s . There l a  a lso  a  need fo r  fur&d&mantal 
d a ta  on th e  d ry in g  c h a ra c te r is t ic s  o f v a rio u s com m ercial d e s ie c a n ts  in  
r e f r ig e r a n t  d eh y d ra tio n . The e ffe c t o f tem perature on th e se  c h a ra c te r­
i s t i c s  i s  vdLtally needed «uod has n o t been determ ined.
flSTBLOPIfiSHT OF EQBISMENY AND MTHODS OF ANALYSIS
th e  equipm ent and tech n iq u es employed by p rev io u s in v e s tig a to rs  
f o r  determ in ing  re f r ig e ra n t-d e s ic c a n t m o istu re  e q u ilib riu m  re la tio n *  
ah ipa have n o t been found sa tis fa c to ry *  The r e f r ig e r a tio n  u n ite  need 
f o r  th e  a tta in m en t o f  e q u ilib riu m  w ere complex and r e la t iv e ly  la rg e*  
Many u n c o n tro lle d  v a ria b le s  e x e rte d  th e i r  e f fe c ts  which were m an ifested  
a s  v a r ia tio n s  in  th e  t e s t  re s u lts *  I t  i s  b e liev e d  th a t  a  more funds* 
m ental approach i s  n ecessary  in  o rder to  e s ta b lis h  r e l ia b le  e q u ilib riu m  
re la tio n sh ip s*
In  any study  of m oistu re  eq u ilib riu m  re la tio n s h ip s  between refrig** 
g ra n ts  and d e s ie c a n ts  * th e  system  employed must meet the  fo llo w in g  
requ irem en ts i
1* E q u ilib riu m  m ist be a tta in e d  between m o istu re  in  th e  re f r ig *  
e ra a t  and m oistu re In  th e  desiccan t*
2* Xt must be p o e slb le  to  determ ine a c c u ra te ly  th e  amounts o f 
m o istu re  in  th e  l iq u id  and in  th e  s o lid  a t  equilibrium *
3* M oisture in  th e  s o lid  m ast be un ifo rm ly  d is tr ib u te d  through­
ou t th e  mass of th e  so lid*
U. The tem pera tu re  of th e  system  must be m aintained  constan t*
Development o f A pparatus
Equipment and techn iques have been developed by th e  au th o r and 
ecM rorkers w hich a re  b e lie v e d  to  be capab le  of y ie ld in g  r e l ia b le  d a ta  
on th e  e q u ilib riu m  m oistu re  d is tr ib u tio n  between re f r ig e ra n ts  and
33
3h
dealeeants* The equipment is simple and easy to operate* Sources of 
variation are Hdniadaed#
The # p f f t t o t  enployed in  th e  in v e s tig a tio n  o f e q u ilib riu m  re la ~  
tiott below roam tesperattire is shown In  F ig a ro  7* The copper d&adccant 
ejliadw holds from 350 to UOO gramas o f d esiccan t*  the exact q u a n tity  
depending m th e  b u lk  density o f th e  d e s ic c a n t under in v e s tig a tio n *
By using such a large q u a n tity  o f d eeieean i*  th e  change In  i t s  m o istu re  
content due to changes In refrigerant m oistu re  co n ten t le n e g lig ib le #
If the aalefeire content of the refrigerant changes 50 ppm an coming to
of refrigerant passing through the dssiccsnt 
bed will change the desiccant mater content only ©#0li per cent# The 
cffeet of a change of this magnitude my be seaweed to be negligible* 
Thus# the equilibria* ester content of the desiccant nay be take® as 
being the same as that of the Initial charge*
In asking an equilibria* t e s t  u sin g  th i s  apparatus#  th e  re f r ig *  
sraat is al lowed to floe eery slowly from  th e  r e f r ig e r a n t supp ly  c y lin d e r 
tlrough the deeieeaat bed* The m oistu re  co n ten t o f th e  r e f r ig e ra n t 
leaving the dedccsnt c y lin d e r is measured* The d e s ic e a n t c y lin d e r 
(Figure 7) sill hold apjroxLoaiely 500 grans of Fre©n~X2f When f u l ly  
charged w ith  desiccant* If th e  r a t e  of jfireon passage through th e  eye* 
t e a  is 25 grans p er hour# th e  c o n ta c t t i n s  of th e  re f r ig e ra n t w ith  th e  
desieeeni la 20 hours# In o rd er f o r  th e  t e s t  r e s u l ts  to  be  v a lid  a s 
equilibria* data# t h i s  c o n ta c t tim e must be s u f f ic ie n t  f o r  eq u ilib riu m  
to be established between moisture In  th e  d e s icc an t and m oisture in  th e  
refrigerant* The assumption th a t  eq u ilib riu m  i s  a tta in e d  was te s te d  
as described later and found to  be v a lid *
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Xt sh o u ld  be n o ted  th a t  w ith  th is  ap p ara tu s th e  r e f r ig e ra n t  pes*» 
se s  d ir e c t ly  from  th e  d esico an t c y lin d e r to  a  phosphorus pentoxide 
a b so rp tio n  t r a in  where i t s  m oisture i s  absorbed and weighed# th e  sam­
p le  w eigh t i s  o b ta in ed  by the change in  w eight o f th e  re f r ig e ra n t  supp ly  
c y lin d e r during  th e  run* th e  d e s ic c a n t c y lin d e r and connecting  tu b in g  
a re  f i l l e d  w ltti l iq u id  r e f r ig e ra n t  a t  a l l  tim es and the  tem peratu re  l a  
M a in ta in e d  constan t*  Thus* th e  w eight of r e f r ig e ra n t passing  through 
th e  ab so rp tio n  t r a in  H ast equal th e  lo s s  in  w eight o f th e  supply  cy l­
inder*  Xt i s  b e liev ed  th a t  th is  method of sam pling i s  an improvement 
over t h a t  employed b y  p rev ious In v estig a to rs*  in  w hich th e  r e f r ig e ra n t 
sam ples a re  drsam o f f  in to  a  se p a ra te  c o n ta in e r and analysed* Such a  
tech n iq u e  i s  a  s e r ia ie  sou rce of e rro r  which i s  e lim in a ted  in  
th e  a u th o r 's  method*
In  carder to  se p a ra te  any f in e ly  d iv id ed  s o lid  p a r t ic le s  from  th e  
r e f r ig e r a n t , a  porous bronze f i l t e r  was in s ta l le d  a t  th e  e x it  end o f 
th e  d aa lcean t cy linder*  This f i l t e r  p rev en ts s o lid  p a r t ic le s  o f dasie*  
c a n t being c a r r ie d  over in to  th e  ab so rp tio n  t r a in  and weighed a s  w ater* 
For th e  study  of e q u ilib riu m  re la tio n s h ip s  a t  te n p e ra tu re s  above 
room te n p sra tu re #  th e  ap p ara tu s shown in  F ig u re  7 cannot be used* Re­
f r ig e r a n t  w i l l  flow  i n  th e  l iq u id  phase from  th e  supp ly  c y lin d e r t o  
th e  d e sicc an t c y lin d e r on ly  i f  th e  p re ssu re  in  the  supply  c y lin d e r p lu s  
th e  l iq u id  head p re ssu re  exceeds th e  p ressu re  in  th e  d e sicc an t c y lin ­
der* When th e  d e s ic c a n t c y lin d e r te sp e m tu re  exceeds th a t  o f th e  supply  
c y lin d e r , th e  re f r ig e ra n t w il l  e x is t  in  th e  d esiccan t bed as a  vapor* 
in v a lid a tin g  th e  re s u lts *  The app aratu s shown in  F ig u re  6 was a l lo y e d  
f o r  th e  in v e s tig a tio n s  a t  50°C.
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T his ap p ara tu s c o n s is t*  of a  a t o d  c y lin d e r f i t t e d  w ith  a  d ie*  
charge tu b e  te ic h  extend* to  th e  bottom  of th e  cy lin d er*  A porous 
f i l t e r  m e  so ld e re d  to  te e  end o f th e  tube to  p rev en t s o lid  parti-*  
d e s  b e in g  c a r r ie d  o a t In  te e  r e f r ig e r a n t  sample* A needle valve (A) 
i s  p rov ided  to  re g e la te  th e  r a te  a t  which th e  r e f r ig e ra n t sample i s  
withdrawn* th e  d e e lc e a n t sam ple, p re-w et te d  to  a  known w ater c o n te n t, 
i s  h e ld  in  th e  cy lin d er*  In  ask in g  a  ru n  u sin g  t h i s  a p p a ra tu s , th e  
c y lin d e r co n ta in in g  te e  d e s ie e a s t sam ple i s  f i l l e d  w ith  re fr ig e ra n t*  
B efore th e  a n a ly s is  o f th e  r e f r ig e ra n t i s  began, th e  c y lin d e r i s  a l~  
lo v ed  to  rem ain in  s  c o n stan t tem peratu re  b a te  f o r  18 hours w ith  
p e rio d ic  shoeing  to  a llow  s t a t i c  eq u ilib riu m  to  be e stab lish ed *  Then 
v a lv e  A i s  opened s l ig h t ly  allow ing re f r ig e ra n t  from  th e  l iq u id  phase 
to  be w ithdraw n and p assed  th rough  a phosphorus pen to x td s ab so rp tio n  
t r a i n  w here I t*  w a ter i s  absorbed and weighed* th e  sam ple w eigh t i s  
determ ined by  w eighing te e  c y lin d e r b e fo re  and a f te r  th e  sample i s  
w ithdrawn*
As in  th e  ease  of th e  lo ir tem peratu re  a p p a ra tu s , th e  q u a n tity  o f 
d e s ic c a te  employed i s  la rg e  (500 g) so  t h a t  changes in  i t s  m oistu re 
c o n te n t w ith  changes in  r e f r ig e ra n t m oistu re  co n ten t a re  n eg lig ib le*  
However, th e  m agnitude o f such changes i s  g re a te r  th an  th a t  in  te e  
le* ' tem peratu re  apparatus*  The c y lin d e r w il l  hold  approxim ately  2000 
grams o f r e f r ig e ra n t  in  a d d itio n  to  th e  d e a l coant* The m oisture con­
te n t  o f te e  r e f r ig e r a n t may change as mute a s 200 ppm on coming to  
equ ilib rium * Such a  change would r e s u l t  in  a  change in  d e s ic c a te  
m oistu re  co n ten t o f *08 p er cent* While th e  e f fe c t o f such a  change
M y be eocuddfiared n e g lig ib le , th e  c y lin d e r could n o t be r e f i l l e d  w ith  
r e f r ig e r a n t  in d e f in ite ly  w ith o u t s ig n if ic a n tly  changing th e  m oistu re 
c o n te n t o f th e  deeiccan t#
M o th e r M o to r Which m e t  be con sid ered  In  u sin g  th i s  apparatus 
i s  vepar^& quid  e q u il ib r ia  in  re frig e ra n b -w a te r system s* %  ex trap o ­
la t io n  of th e  r e la tio n s h ip  g iven in  F ig u re  2 , i t  was found th a t  th e  
r e t i e  o f vapor m o istu re  co n ten t to  l iq u id  m oisture co n ten t in  a  F reon- 
12 w a ter system  I s  approxim ately  U*1 a t  gO°C# i f  th e  tr a n s fe r  Of 
M oisture from  d e s ic c a n t to  Freon-12 be n e g le c te d , th en  w ithdraw ing 
l iq u id  Freoa-12 from  th e  c y lin d e r w ill  r e s u l t  in  a  d ecrease  in  th e  
m oistu re  co n ten t of th e  liq u id  rem aining i n  th e  cy linder*  The in* 
s ta n ta n e m s  rem oval o f 1000 grams of liq u id  Freon-12 from  a  2000 
gram, c a p a c ity  c y lin d e r would r e s u l t  in  a  d ecrease  in  the m oistu re con­
te n t  o f th e  rem aining l iq u id  re f r ig e ra n t o f 1$ p e r cent# However, 
w ith  th e  w ithdraw al of r e f r ig e ra n t from  th e  system , w ater i s  co n tin ­
u o u sly  being tra n s fe r re d  from  th e  d eeio can t to  th e  r e f r ig e ra n t  to  
o f f s e t  such  changes# I t  i s  b e liev e d  th a t by removing th e  sam ple a t  a  
v a ry  low  r a t e ,  p r a c t ic a l  m oisture eq u ilib riu m  e x is ts  between th e  dee- 
ic e a n t and l iq u id  re f r ig e ra n t#  Using th i s  ap p ara tu s, th e  sam pling 
r a t e  was limited to  15 grams p e r hour# As w i l l  be d iscu ssed  l a t e r ,  
t e s t s  showed th a t  e q u ilib riu m  r e s u l ts  ob tained  u sin g  t h i s  ap p ara tu s 
a re  va lid #
The tppserstus shown in  F ig u re  6 may be employed in  making equi­
lib riu m  d eterm in a tio n s a t  low as w e ll a s  a t  h igh  tem peratures#  However, 
it i s  b e lie v e d  th a t  th e  ap p ara tu s shown in  F ig u re  7 I s  p re fe ra b le  fo r
low tem perature? work*
ho
P re p a ra tio n  and A nalysis o f D eeiccant Samples
D esiccan t sam ples c o n ta in in g  v a rio u s  amounts o f m oistu re  were 
p rep ared  by a lia s in g  th e  sam ples to  p ic k  up w ater from  th e  atm osphere* 
The sam ples were sp read  in  th in  la y e rs  so  th a t  each g ra in  cou ld  take  
up m oisture* When th e  d e s ire d  w ater co n ten t was a tta in e d  as In d ic a te d  
by g a in  in  w eight* th e  d ea iccan t sample was pu t in to  th e  d e sicc tth t e y l-  
ind er*  A ir was re c irc u la te d  th rough  th e  d ee iccan t sample in  a  c lo sed  
system  by a  blow er co n ta in in g  on ly  a  n o n v o la t i le  stopcock g rease a s  
a  lu b r ic a n t (See F ig u re  9)* An a i r  c irc u la tio n  p e rio d  o f fo u r hours 
was esp&oywd to  a ssu re  uniform  d is tr ib u tio n  of m oistu re throughout 
th e  desL ceant bed*
A fte r th e  a i r  c irc u la tio n  treatm ent*  sam ples of the d e sico an t w ere 
tak en  f o r  m oistu re an a ly sis*  From f iv e  t o  ten  gram sam ples w ere t r a n s ­
f e r r e d  ra p id ly  from  th e  d ee iccan t c y lin d e r to  tared *  g la s s  sto p p ered  
w eighing b o ttle s  and weighed* I t  was found th a t th e  g la s s  sto p p ered  
b o t t le s  p rev en ted  m o istu re  p ickup from  th e  a i r  by th e  sample* during  
weighing* A t e s t  on d ry  s i l i c a  g e l showed an in c re a se  in  w eigh t o f 
o n ly  0*0008 g ra s  in  a  5 gram sam ple in  fo u r hours when c lo sed  in  a  
w eighing b o ttle *  The w eighed sam ples were th e n  tra n s fe r re d  q u a n tita ­
t iv e ly  t o  ta re d  p o rc e la in  c ru c ib le s  and ig n ite d  f o r  one hour in  a 
fu rn ac e  m ain tained  a t  1750°F* A fte r ig n itio n  th e  sam ples were allow ed 
to  c o o l in  a  d e s ic c a to r co n ta in in g  e ith e r  f re s h ly  a c tiv a te d  s i l i c a  g e l 
o r D rte rite *  and weighed* The Ig n ite d  sam ples were w eighed f a i r l y  r a ­
p id ly  a s th e y  s t i l l  p ossessed  some a f f in i ty  fo r  atm ospheric m oisture* 
This a f f in i ty  was g r e a t ly  reduced on ig n it io n , however* I t  was found
p r e s s u r e
g a u g e *
d e s i c c a n t  c y l i n d e r
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mth a t  mm ig n ite d  sa s$ le  o f I k i e r i i s  s ta n d in g  in  a  covered c ru c ib le  M 
th e  a i r  f o r  f e a r  hours g a ined  o n ly  0*0039 gram*
lb  should  b e  p o in te d  e a t t h a t  v a lu es o f m oistu re co n ten t d e te r­
m ined in  th la  v sy  do n o t In d ic a te  d ir e c tly  th e  amount o f m oistu re 
w hich th e  dM & eeaat w i l l  plftfc up b e fo re  reach in g  th i s  w a te r c o n te n t. 
A dsorption ty p e  deedLceeats c o n ta in  a  c e r ta in  amount o f  e a te r  o f con*- 
s t lh a t lc n  i n  a d d itio n  to  m oisture w hieh oan be removed w ith ou t im pairing  
th e  <fcying c h a r a c te r is t ic s  o f th e  d esioean ts*  P revious in v e s tig a to rs  
b a n  determ ined  th e  m o istu re  co n ten t o f th e  d ee iccan t by th e  gain  In  
w eigh t Of th e  a c tiv a te d  sample* d arin g  th e  v e ttin g  operation* The 
amount o f m o istu re  rem aining  in  a  d e sle e a n t a f te r  a c tiv a tio n  depends 
a s  th e  a c tiv a tio n  procedure* v ary in g  n t h  b o th  tim e and tea$>erabure 
o f a c tiv a tio n *  Pennington^0 p o in te d  o u t th a t  s i l i c a  g a l which was 
tak en  by S to rh?^  a s  be ing  d ry  a c tu a lly  co n ta in ed  0*8 p e r cen t adsorbed 
m oistore* Pram  v a lu e s  o f t o t a l  m o istu re  co n ten t as determ ined by Ig ­
n itio n *  i t  i s  a  sim ple m atte r to  p u t th e  d e slee an t m oistu re  co n ten t on 
an " a s  a c tiv a te d 1 b a s is  i f  th e  lo s s  in  w eight upon ig n itio n  of a  des~ 
lc c a n t , e s tiv a te d  in  a  c e r ta in  way, i s  knosn*
D eterm ination  o f M oisture in  R e frig e ra n ts
T ooke^ a f te r  an ex ten siv e  su rvey  of mol s to re  d e term ination  m ethods, 
concluded th a t  th e  phosphorus p en tav id e  ab so rp tio n  method was b e s t s tilte d  
to r  determ in ing  n o is tn ra  In  r e f r ig e ra n t* . P en n in g to n ^  hae adap ted  th e  
method to  th e  d e te rm in a tio n  o f m oisture in  Freon-12 end re p o r ts  an accu­
ra c y  of i  1  ppm up to  c o n ce n tra tio n s of 35 ppm w ater in  th e  r e f r ig e r a n t . 
Morlsy2& found th a t th e  w a te r con ten t of a i r  a f t e r  p assin g  over phosphorus
1*3
p a n to s!d e  was so  lo ir th a t  e x is tin g  methods were n o t capable o f d e te c ts  
la g  I t*  In  th ia  in v e s tig a tio n , the  Method d escrib ed  by Bennington was 
fo llo w ed  l a  g e n e ra l w ith  th e  ex cep tion  o f th e  sam pling method which 
haa a lre a d y  been described*
In making m o istu re  co n ten t d e te rm in a tio n s u sin g  th e  phosphorus 
pentoxide a b so rp tio n  method* extrem e c a re  must be e x e rc ise d  in  o rd er 
to  obtain re p ro d u c ib le  re s u lts *  th e  a n a ly tic a l de te rm ina tio n  of mala* 
tore in th e  z e fr ig e ra n t was p ro b ab ly  th e  la rg e s t  sou rce o f v a r ia tio n  
in th e  r e s u l ts  o f t h i s  in v e s tig a tio n *  For t h i s  reaso n  th e  techn iq u es 
eaplqyed a re  d e sc rib e d  in co n sid erab le  d e ta il*
Saaantially, the  procedure c o n s is ts  of p assin g  th e  wet re frig o o v  
a n t vapor th rough  a  t r a in  o f N e sb itt bulbs packed w ith  a  phosphorus 
paatcscide*asbastos mix* th en  flu sh in g  o u t r e f r ig e r a n t vapors w ith  d ry  
a ir*  The g a in  i n  w eight o f th e  f i r s t  bu lb  in  th e  t r a in  re p re se n ts  
th e  w ater in  th e  re f r ig e ra n t*  F or rep ro d u c ib le  r e s u l ts  i t  was found 
th a t  v e ry  e la b o ra te  p rec au tio n s were n ecessa ry  bo th  in  p rep arin g  th e  
abeorption bu lbs and in  asking th e  d e te rm in a tio n s •
Shredded a sb e s to s  was mixed w ith  th e  phosphorus p en t03d.de to  pro# 
vide la rg e  su rfa c e  fo r  w ater ab eo rp tio n  and to  reduce th e  p ressu re  
drop through th e  bulbs* T his m ixture was propared  by adding a  volume 
o f phosphorus p sn ta x ld e  powder to  an approxim ately  eq u al volume o f 
d r ie d  a sb es to s  In  a  w ide mouth b o ttle *  The b o ttle  was q u ick ly  c lo sed  
and shaken u n t i l  th e  phosphorus pentcod.de was w ell d is tr ib u te d  through# 
a n t th e  asb esto s*  This mix was ra p id ly  and c a re fu lly  added to  th e  
d r ie d  N e sb itt b u lbs co n ta in in g  a  g la s s  wool pad in  th e  bottom . G lass
*
wool pads w ere p laced  on to p  o f th e  phosphorus p en to x id e-asb esto s mix 
in  th e  bulbs* Extrem e c a re  ires e x e rc ised  to  p rev en t phosphorus pent** 
ood.de from  c o n ta c tin g  th e  o u ts id e  o r th e  ground g la s s  su rfa c e  o£ th e  
bulbs* Xt w as found n ecessa ry  to  d isc a rd  and repack  any bu lb s on -which 
th e  o u ts id e  su rfa c e  became contam inated w ith  phosphorus pentoscids* Be* 
fo re  p u ttin g  th e  b u lb s in to  s e rv ic e , d ry  a i r  was passed  th rough  them 
fo r  a t  l e a s t  fo u r hours and changes in  w eight noted* Those bulbs whose 
w dgjht changed s ig n if ic a n t ly  w ere discarded*
The a b so rp tio n  t r a in  c o n s is te d  of th re e  bu lbs in  s e r ie s  p laced  
in  a  wooden box f a r  p ro te c tio n  from  d i r t  and breakage (Bee F ig u re  10)*
In  making a  d e te rm in a tio n  o f m o istu re , a l l  w ater i s  absorbed in  th e  
f i r s t  b u lb  in  th e  tra in *  The th i r d  bu lb  I s  used a s  a  t a r e  to  conden­
s a te  f o r  changes in  atm ospheric co n d itio n s w hich a f f e c t  th e  w eights o f 
a l l  b u lb s equally*  The second bu lb  serv es a s  a  p ro te c te d  standard* 
day changes in  I t s  w eight were assumed to  be due to  changes in  th e  
w eigh t of th e  ta r e  b u lb  o r to  b a lance  d e v ia tio n s  and th e  w eight of 
b u lb  one was c o rre c te d  accordingly*  This p ra c tic e  i s  o f q u estio n ab le  
v a lu e  b u t s in c e  s l ig h t ly  b e tte r  p re c is io n  was o b ta in ed  by so  do ing , 
th e  c o rre c tio n s  w ere applied*
A su p p ly  o f d ry  a i r  was n ecessa ry  to  f lu s h  th e  r e f r ig e ra n t from  
th e  b u lb s a t  th e  end of a  run* The a i r  was d r ie d  by p assing  th rough  
a s e r ie s  of d ry in g  to w ers, th e  l a s t  two co n ta in ing  phosphorus pent* 
a s id e  (dee F ig u re  11)*
O perating  Procedure
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•hewn in  F ig u re  7 th e  fo llo w in g  procedure was employed*
The d e e ic c a n t sample* p rep ared  and an aly sed  as described*  was charged
to  th e  d e e ic c a n t c y lin d e r. For th e  I n i t i a l  F i l l in g  of th e  c y lin d e r w ith
l iq u id  Trea&9 i t  was connected  in  re v e rse  of th a t  shown in  F ig u re  7*
V alve C was connected to  v a lv e  A and Freon was allow ed to  flow  from  th e  
r e f r ig e r a n t  su pp ly  c y lin d e r In to  th e  d e sic c a n t c y lin d e r u n t i l  th e  l a t ­
t e r  was f i l l e d  w ith  l iq u id  Freon* S ince th e  d e s ic c a n t cy lin d er*  
connected  in  th i s  manner was in c lin e d  upward tow ard th e  e x i t  end* any 
tra p p e d  a i r  was fo rc e d  tow ard v alve B and b led  o f f  th e re*  A fte r th e  
c y lin d e r was f r e e d  o f a i r  and f i l l e d  w ith  liq u id *  th e  ap p ara tu s was 
connected  up a s  shown in  F ig u re  7* v a lv es A and B open* and allow ed to  
s e t  f o r  a t  l e a s t  18 hours in  th e  c o n s ta n t tem p era tu re  bath* B efore 
s ta r t in g  a  run* q?prcotijnately 50 grams of liq u id  Freon w ere b le d  o f f  
th ro u gh  v a lv e  C to  make su re  th a t  a l l  o f th e  sa sp le  tak en  had come to  
e ^ iilib r iu m  w ith  th e  d esiccan t*  Then* th e  e x i t  tu b e  from  th e  d e siccan t 
c y lin d e r was connected w ith  a  sh o rt p iece  o f ru b b er tu b in g  to  th e
w eighed a b so rp tio n  tra in *  V alves A and B w ere closed* th e  supp ly  cy3U*
in d e r d isco n n ec ted  from th e  system  and w eighed. A fte r weighing* th e  
su p p ly  c y lin d e r was ag a in  connected to  th e  system  and opened to  th e  
d e sicc an t cy linder*  Valve C was opened s l ig h tly  allow ing from  12 to  
15 gram s o f Freon p e r hour to  pass th rough  th e  a b so rp tio n  tra in *  A fte r 
a t  l e a s t  300 grams of Freon had p assed  through* a H  v alv es were closed* 
th e  e x i t  tu b e  d isconnected  from  th e  ab so rp tio n  t r a in  and capped* A ir* 
d r ie d  by passage th rough  phosphorus pen t oxide* was passed  th rough  th e  
a b so rp tio n  t r a in  to  sweep ou t Freon v ap o rs . The bu lbs were th an  r e ­
weighed* th e  g a in  in  w eigh t o f bu lb  Ho* 1 being  th e  m oistu re in  the
mWr*m s e o p le . The w eight o f Freon p o sted  th rou g h  th e  ab eo rp tio n  t r a in  
m e  o b ta in ed  from  th e  lo s s  in  w eigh t o f th e  su p p ly  c y lin d e r l e s t  th e  
w eig h t o f Frame l e s t  in  opening th e  l in e  between v e lv e t A and B (g g ran t)#  
T his p rocedure cou ld  b e  re p e a te d  s e v e ra l tim es w ith o u t changing s ig n ify  
ic a n tly  th e  m oistu re  c o n te n t o f th e  d esiccan t*
The p rocedure fa llo w ed  when the  h ig h  ten ip era tu re  ap p ara tu s was 
employed was s im ila r  to  th e  above procedure# A fte r th e  r e f r ig e ra n t  
had s to o d  in  c o n ta c t w ith  th e  d e s ic c a n t f o r  18 hours w ith  p e rio d ic  
sh ak in g , th e  r e f r ig e r a n t  was b le d  o f f  and passed  through th e  &beorp~ 
tif ln  t r a in  where i t s  m o istu re  was absorbed and w eighed.
The w ater c o n te n t of th e  r e f r ig e ra n t was c a lc u la te d  a s  fo llow ss 
A l l *  /i* 2mi 11 ■ i ■ ! . ,»*„*>»• x  lf lr  •  ppm w ater in  r e f r ig e ra n t 
w t. o f sample
where ^  W  ^i s  th e  change in  w eigh t o f bu lb  1 and ZA Wg i s  th e  change 
in  w eig h t o f b u lb  2 ,
P roof o f V a lid ity  o f A pparatus and Techniques
(a )  Uniform D istrib u tio n , o f D esiccant M oisture
In  o rd e r to  in s u re  th a t  e q u ilib riu m  be a tta in e d  in  th e  te s tin g  
system , i t  i s  im p era tiv e  th a t th e  d e s ic c a n t m oisture be un ifo rm ly  die** 
tr ib u te d *  A ir was re c ir c u la te d  th rough  th e  d ee iccan t by means o f an 
a i r  pump in  a  c lo se d  system  fo r  fo u r hours fo r  th e  purpose of in su rin g  
un ifo rm  d is tr ib u tio n  of m oisture th roughout th e  d esiccan t#
T esta  w ere made to  determ ine i f  th e  m oisture a c tu a lly  was d i s t r ib ­
u te d  e q u a lly  by th i s  m ethod. A p o rtio n  of s i l i c a  g e l was p re-w etted  
and p laced  in  th e  bottom  of a  d e siccan t c y lin d e r. On to p  o f th is  w et
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d e s ic c a n t, a  p o rtio n  of d ry  s i l i c a  g e l was placed# c a re  being  taken  to  
p rev en t p h y s ic a l mi x in g of th e  two portion**  The w eight wad m oisture
c o n te n t o f b o th  th e  w et and d ry  p o rtio n s  being  known# i t  was p o ss ib le
to  c a lc u la te  th e  m o istu re  c o n te n t o f th e  d e s ic c a n t i f  th e  m oisture were 
u n ifo rm ly  d is tr ib u te d  throughout*  A fte r c irc u la tin g  a i r  fo r  a  given
tim e  by th e  a i r  pump, sam ples were tak en  from  th e  top  of th e  c y lin d e r
where th e  d ry  p o rtio n  had been p lac ed  and th e se  an aly sed  f o r  w ater con* 
te n t*  T ests  were made a t  3# h and 16 hours a i r  c irc u la tio n  tim e . The 
r e s u l ts  o f th e s e  t e s t s  a re  given in  Table XII*
TABLE XXX
THE EFFECT OF AIR CXBCt&ATXQN OS MOISTURE TRANSFER 
WITHIN A BESICCANT BSD









Tine, hours Calculated Analysis
175.2 22.56 166.0 U.5U 3.0 13.30 11.15
175.5 lit. 02 166.2 U.71 U.0 9.21 9.00
139.6 25.65 236.lt lt.35 16.0 12.20 12.21).
Exam ination o f th e  r e s u l ts  g iven  in  T able I I I  shows th a t  a i r  c i r ­
c u la tio n  th rough  a  d e sicc an t bed w il l  r e s u l t  in  a  tr a n s fe r  of m oistu re 
from  w et p a r t ic le s  to  d ry er p a r t ic le s  and th a t  uniform  d is tr ib u tio n  of
th e  w ater w i l l  be a tta in e d  i f  th e  a i r  d r  d i la t io n  p e rio d  i s  long enough* 
I t  I s  seen  th a t  th e  d iffe re n c e  between a c tu a l m oisture co n ten t o f th e  
d ry  p o rtio n  a f te r  k hours a i r  c irc u la tio n  and th a t c a lc u la te d  fo r  uniform
50
d is tr ib u tio n  was o n ly  0*21 p e r c e n t. C o lle t©  e q u ilib riu m  was a tta in e d  
5m 16 hour© a i r  c ir c u la tio n , th e  p r a c t ic a l ly  uniform  d is tr ib u tio n  a f te r  
fo u r  hours c irc u la tio n *  w ith  th e  extrem e d iffe re n c e  in  i n i t i a l  m oisture 
c o n te n t o f th e  wet and d ry  p a r tic le s *  i s  ample p roof th a t  uniform  mois­
tu re  d is tr ib u tio n  was a tta in e d  in  th e  d e s ic c a n t p rew ettin g  procedure 
fo llo w ed .
(b ) P roof th a t  M oisture E q u ilib riu m  Was E sta b lish e d  Using Lew tem pera­
tu r e  A pparatus
L ev is and R a n d a ll^  s ta te  th a t  “every  system  which has n o t reached  
a  s ta te  o f eq u ilib riu m  i s  changing co n tin u o u sly  tow ard such a  s ta te  
w ith  g re a te r  o r l e s s  speed,*
I f  f  ©Howe from  th e  above sta tem en t th a t  i f  s u f f ic ie n t  tim e be 
a llow ed ev ery  system  w ill  reach  a  s ta te  o f equ ilib rium * In  th e  in ­
v e s tig a tio n  made a t  0°C and 2£°C* th e  ap p ara tu s shown in  F igu re  7 was 
employed* I t  was assumed th a t  th e  tim e re q u ire d  fo r th e  liq u id  r e f r ig ­
e ra n t to  pass through th e  d e sic c a n t bed was s u f f ic ie n t fo r  a  s ta te  o f 
e q u ilib riu m  to  be reach ed  between m oisture in  th e  d e s ic c a n t and mois­
tu re  in  th e  re f r ig e ra n t*  B efore any confidence could be p u t in  th e  
re s u lts *  i t  was n e ce ssa ry  to  v e r ify  th is  eesiunption experim entally*
S ince th e  t o t a l  m o istu re  in  th e  d e sicc an t i s  extrem ely la rg e  in  
eosg>srl0«a to  th e  m oistu re  g iven  up to  o r taken up from  th e  r e f r ig ­
eran t*  th e  m oistu re  co n ten t o f th e  deelocan t may be taken  as being 
c o n sta n t a t  th e  v a lu e  when charged* This being th e  ease* th e  equi­
lib riu m  m o istu re  co n ten t o f th e  r e f r ig e ra n t  should be th e  same 
ir re s p e c tiv e  of the  d ire c tio n  of approach to  eq u ilib riu m . I n i t i a l l y
s x
wet Freon o r I n i t i a l l y  d ry  Freon shou ld  both  reach  th e  same m oisture 
c o n te n t a t  e q u ilib riu m . In  o rd er to  t e s t  th© e q u ilib riu m  a tta in m en t 
a s su a p tio n , ru n s w ere made on th e  same d e sic c a n t sam ples u sin g  b o th  wet 
and d ry  Freon* The r e s u l ts  of th e se  t e s t s  a re  g iven  in  Table IV*
I t  i s  seen  th a t  th e re  i s  no s ig n if ic a n t d iffe re n c e  between th e  re ­
s u l t s  o b ta in ed  u sin g  w et Freon-12 and th o se  u sin g  d ry  F reon-12. The 
d iffe re n c e s  a re  w e ll w ith in  th e  norm al te s tin g  v a ria tio n *  I t  was con* 
e lu d ed  from  th e se  te s ts  th a t  e q u ilib riu m  between m oisture in  th e  
d e e ic c a n t and m oistu re  in  th e  r e f r ig e ra n t was a tta in e d  on passage of 
th e  r e f r ig e r a n t  th rou g h  th e  d esiccan t b ed . Comparison of th e  r e s u l ts  
o f ru n s  made a t  d if f e r e n t  flow  r a te s  in d ic a te s  th a t  flow  r a te s  up to  
26 grams p e r hour may be used  s a t is f a c to r i ly .  The above t e s t s  ware 
made on s i l i c a  g e l. T ests o f t h i s  k ind  have n o t been made u sin g  th e  
o th e r d e s ic c a n t* , b u t i t  i s  b e liev ed  th a t  th e  dry ing  r a te s  fo r  th e  
o th e r etesic can ts a re  o f th e  same o rd e r of m agnitude as th a t  of s i l i c a  
g e l .  Ho v a r ia tio n  of f in a l  m oisture co n ten t w ith  r e f r ig e ra n t flow  
r a t e  h as been noted* an o th er in d ic a tio n  th a t  e q u ilib riu m  was e s ta b lis h e d .
(e )  Broof o f E q u ilib riu m  in  High Tem perature A pparatus
The ap p ara tu s shown in  F ig u re  8 was employed in  th e  in v e s tig a tio n  
s t  50°C . The tim e o f c o n ta c t o f th e  r e f r ig e ra n t w ith  th e  d e s ic c a n t 
was g re a te r  u s in g  th i s  ap p ara tu s th an  th a t  u sin g  th e  low tem peratu re 
a p p a ra tu s . I t  has been shown th a t  th e  c o n ta c t tim e fo r  the l a t t e r  was 
s u f f ic ie n t  and i t  would be expected  th a t eq u ilib riu m  would be a tta in e d  
u sin g  th e  h igh te n p e ra tu re  ap p ara tu s .
5*
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D esiccan t sam ples were te s te d  a t  £5°C and a t  0°C using  th i s  ap­
p a ra tu s  t o  chock agreem ent o f th e  r e s u l ts  w ith  th o se  o b tain ed  from  th e  
ap p ara tu s employed a t  le v  teag ieratu res*  th e  r e s u l ts  o f th e se  t e s t s  
e re  g iv en  In  ta b le  ?»
TABLE V 
AOKEBMSNT OF RESULTS 
OBTAINED ON TWO TIPES OF APPARATUS
Tesperature % Water in Water in Freon-12* ppm
fieg* c Silica del IS11aIA1 Ltnr I«qp. Appuratn*
25 11*. OK 28.li
27.6 29 2 1.75 *
28.5
0 15*04* 8.12
7.75 8.8 t  1.1 *
8.72
a Obtained from figure i£*
The agreem ent betw een th e  r e s u l ts  ob tained  using  th e  two ty p es of 
a p p ara tu s I s  good* S ince i t  has been shown th a t  eq u ilib riu m  i s  estab*  
lis h e d  in  th e  low tem p era tu re  a p p ara tu s , th i s  c o n s titu te s  s u f f ic ie n t  
ev idence th a t  th e  ap p ara tu s enployed a t  £0°C y ie ld s  r e l ia b le  e q u ilib ­
rium  re s u lts *
p re lim in a ry  P re c is io n  E stim ates
In  th e  measurement o f m inute q u a n titie s  of w ater as were encountered
in  t h i s  In v e s tig e tio n , a  h ig h  degree of p re c is io n  I s  req u ired#  th e re  
a re  tw o g e n e ra l m ethods by which p re c is io n  of measurement may be im* 
proved# V a ria tio n s  in  in d iv id u a l d e te rm in a tio n s may be reduced  by 
em ploying p re c is e  m easuring in stru m en ts and by  re fin em en t o f techniques* 
P re c is io n  may be im proved f u r th e r  by r e p lic a tio n  of th e  measurements*
B efore beginning  th e  in v e s tig a tio n  of eq u ilib riu m  m o istu re  d i s t r i -  
b u tia n  betw een r e f r ig e r a n ts  and d e s i  w an ts*  i t  was n e ce ssa ry  to  o b ta in  
m  e s tim a te  o f th e  p re c is io n  which cou ld  be expected  from  th e  measure* 
m asts# d l l  ex p erim en ta l measurements a re  su b je c t to  some degree of 
v a r ia b i l i ty  and u n c e rta in ty *  I t  i s  common p ra c tic e  f o r  th e  in v es tig a*  
t e r  t e  make p re c is io n  e s tim a te s  based  on a  em ail number of o b se rv a tio n s 
and to  r e p o r t th e  maxi aim  v a r ia tio n  of th e  techn ique  a s  th e  maximum ob» 
se rv ed  l a  t h i s  s n a i l  number of observations*  Such a  p ra c tic e  alm ost 
in v a r ia b ly  le a d s  t e  p re c is io n  e s tim a te s  w hich a re  h ig her th en  th e  a c tu a l 
p re c is io n  o f th e  observations*  Maxinim observed v a r ia tio n  i s  a  satis** 
t i c a l  t a r n  and In  a l l  p ro b a b ility  w i l l  in c re a se  w ith  th e  number of 
o bservations#
w ^ n  th is *  s t a t i s t i c i a n s  have developed a  m easure o f p ree t*  
s lo n  c a lle d  stan d ard  d e v ia tio n  w hich r e la te s  the probable number o f 
v a lu e s  o ccu rrin g  w ith in  d e f in ite  l im its  to  th e  number of observations*  
The s ta n d ard  d e v ia tio n  of th e  in d iv id u a l v a lu es from  th e  average of n  
v a lu es  i s  d e fin e d  by th e  equation
“/ / ^ *  ~ *)Z W
CTX being  th e  s ta n d a rd  d e v ia tio n  o f th e  In d iv id u a l v a lu es from  th e
%$
• n r tg c ^  *  th e  in d iv id u a l v a lu e  and S  th e  average value* th e o re tic  
w 3Jy# 0“K l a  d e fin ed  e x a c tly  o n ly  I f  an in f in i t e  number of o b serv atio n s 
are taken* P ra c t ic a l ly , an a a td m ta  of CTX nay be ob ta in ed  I f  a t  l e a s t  
two o b se rv a tio n s , a l l  tak en  under th e  same c o n d itio n s a re  av a ilab le*
The r e l i a b i l i t y  o f such e stim ate  a  w i l l  of course in c re ase  as the  num* 
bear o f o b se rv a tio n s  i s  increased !^*
I t  i s  t o  be expected  firom th e  law s o f p ro b a b ility  th a t  68*2# o f 
a l l  o b se rv a tio n s w i l l  f a l l  w ith in  £  10" of th e  averages 95*lt$ w ith in  
£  2<T and 99*7% w ith in  £  3<T o f th e  average*
The improvement o f p re c is io n  by r e p lic a tio n  of th e  o b se rv a tio n s 
I s  g iven  ly  th e  eq u a tio n
o k -  2 k  (6>
</*
w here O'jr I s  th e  s ta n d a rd  d e v ia tio n  of one o b serv a tio n  and (T^ i s  th e  
sta n d a rd  e r ro r  o f th e  average of n  o b serv a tio n s from  th e  c o rre c t value* 
Xh o rd er to  o b ta in  a  p re lim in a ry  e stim ate  of th e  p re c is io n  o f th e  
r e f r ig e r a n t  m o istu re  d e te rm in a tio n , te n  dete rm in a tio n s were made on th e  
same d e s ic c a n t sample* The r e s u l ts  o f th e se  d e te rm in a tio n s a re  12*9# 
11*7, 9*8, 10*$, 10*5, 12*0, 11*2, 10*6, 10*3 and 11*2 ppm w ater in  
7reon*12* The estim ated  stan d ard  d e v ia tio n  based  on th e se  v a lu es i s  
0*88 ppm* Thus i f  on ly  s in g le  d e te rm in a tio n s were made, th e  r e s u l t  
m ight be in  e r ro r  by a s  much as 2*61* ppm (99*7$ p ro b a b ility  b a s is)*  
D ev iation s of th is  sm gnitude in  th e  v e ry  low co n cen tra tio n  ran ges 
would s e r io u s ly  ia p a lr  th e  value of th e  data* The need f o r  rep lica *  
t ia n  o f th e  d e te rm in a tio n s f o r  th e  purpose of improvement o f p re c is io n  
was in d ica ted *  By eq u a tio n  2 , the  stan d ard  e r ro r  of th e  average of
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triplicate' d e te rm in a tio n s w ould be 0*51 w ith  99*1% p ro b a b ility  l im its  
of 1 1*53 ppm* A lthough th i s  degree o f p re c is io n  i s  n o t a s  good m  
desired# It could be to le ra te d *  The improvement in  p re c is io n  by fu r*  
ther replication w ould n o t ju s t i f y  th e  added ex p en d itu re  o f tim e and 
refrigerant in making th e  d e te rm in a tio n s *
A p re lim in a ry  e s tim a te  of th e  d e s ic c a n t m oistu re determ inate  one 
made on s i l i c a  g e l sheared a  stan d ard  d e v ia tio n  o f 0m($% m oisture*
The e f f e c t  o f v a r ia tio n s  o f th is  m agnitude on th e  f in s l  r e s u l ts  would 
be n e g lig ib le *  However# in  view of th e  p o s s ib i l i ty  of soma of th e  
d e a lc c e n ts  being  inhomogenious# i t  was decided  to  make fo u r m oisture 
d e te rm in a tio n s on each d e sicc an t sample*
I t  was concluded from p re lim in a ry  p re c is io n  e s tim a te s  th a t  th e  
m ajor source o f v a r ia tio n  was In  th e  re f r ig e ra n t  m o istu re  determ ine* 
t io n s  and th a t  a t  l e a s t  th re e  such d e te rm in a tio n s were n ecessary  to  
g ive  th e  d e s ire d  p rec is io n *
I t  should  be p o in ted  ou t th a t  th ese  p re lim in a ry  p re c is io n  esti*» 
r e t  a s w ere made f o r  th e  purpose of guidance in  ca rry in g  out th e  
in v e s tig a tio n  and a re  n o t to  be tak en  as re p re se n tin g  th e  p re c is io n  
of th e  ex p erim en tal data*
EXramffiNTAL E S M 3
Tbs e q u ilib riu m  m oistu re  d is tr ib u tio n  d a ta  g iv en  in  Table 71 
th rou g h  XVII w ere o b ta in ed  using  th e  equipm ent and procedures d esc rib ed  
in  th e  p reced ing  sec tio n *  Tbs ap paratu s shown in  F ig u re  T was enployed 
in  QftB axai $$*C d e te rm in atio n s*  i l l  $0°C d e te rm in a tio n s were made u sing  
th e  ap p ara tu s sho rn  in  F ig u re  8*
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TABLS 1 1
ms sQmraatni disehbohcn op wistisb Hmnaai a m c x  o s . and pbeoms as <rts
Water Content of Initial water content 8ytlttria» water content Standard Kelstlw 
desiccant cS Preorw-12, at Freoi>-12. ppm deviation eaturation
grass par loo pp» indXvidnai Average 1 pp* C/C,
U.13 3*8 .91 O.63 0.25 0.0bD
M
O l
7.98 3.8 209 2.66 0.63 0.117
3.53
2 0 5
10.50 3 .8  5 .1 9  5 .bb  0*18 0.219
5 0 8
5.5b
10.56 3.8 i.85 U.66 0.1b 0.188
b ^ l  
b.53
10.69 3.8 606 5.87 0.ii2 0.206
6.31
5.15














































BIB EQUILIBRIUM niSTRIBUTICM OP (DISTURB BEBUEH TOCIM2 ARB SILICA OKL AT 2?«c
Rater Content Of Initial water content SqpUlkrlaa water content Standard Relative
desiccant of Freo»»12 of Fr«<»-12. bob deviation aaturation
gran per 100 ppm infivicWl Average ~ ppa C/Cg




6 .5? 3 .8  7 .1?  7 .11  0 4 8  0.0781
6 4 9  
7 4 6
8.73 3*8 12 .?  11 .1  0.88 0.122
3*3 11.7
3.8  9 4
3 .8  10.5
3 .8  10.5
3 .8  1 2 4
3 .8  1 1 4
3 .8  10,6
22 10,3
22 1 1 4







l a t e r  Content of I n i t i a l  m ite r con ten t E quilibrium  w ater oontent S tandard R ela tive  
d esiccan t of IVeon-12* of Freon*12« ppa d ev ia tio n  sa tu ra tio n









ie .8  
15 J* 
ie .2  
17.8 
18 .0  
17 .1
18.5 1.02 0.203








17.33 3 .8 37J* 
36 .8  
37 .3
3 7 .1 a a i 0.1*08




21.33 3 .8 <r\co 
co
CO 1*6.8 1.56 0.531*
(To be continued)
TAHJS YU (Continued)
Water Content off 
desiccan t * 
grams per 100
I n i t i a l  a a te r  con ten t 
of Frcon-12, 
ppm
E q u lllb rla a  w ater con ten t 
of Freon-12, ppm 
IndHvi<iuai Avar age
Standard
d ev ia tio n
KP»
R ela tiv e





52 .7 U36 0.580
36.30 3 .8 58 .6
5 ? .?
62.1»
60.2 1 .60 0.662
TAILS m i
THE BQUILIB&IUU DI3IRIBUTI0S OF tfilSTDBB BB1HBH FHCB-12 A8D SILICA OXE, AT $8%
Watsr Contort of 
datLeeant* 
grass par 100
Initial water Mutant 
«f Fr««&.12,
PP»
Sqflilllxrlaa water contact 



































KQUHJBB1UU DISIRIBDTICB OF IBISTURB BSIWBBI m O K -12 AND ACCEUIBD ALOOKA i f  0°C
Water ecntant of Initial water content SquIU.lnri.un wat*r content Standard Belative 
desiccant, at FTeco-12, at Frecp-12. ppa deviation eaturatisn
graaa par 100 ppm incllvi*i*l Average ppa C/C#








30.k2 3.U k.59 k*3k 0.53 0.175
3.92
U.50




39.90 3*k 35.9 35*5 0.33 0.625
35 *k
35.1
k2*70 3.1) 18.9 17.9 0.86 0.721
16.8
TABLE X
THE EQUILIBRIUM MSTRIBUTIGS C3F DISTURB BETWEEN FKBG1UI2 AND ACTIVATED ALUMINA AT 2&C
H at«r Content of I n i t i a l  e a te r  content E ^ iilih riu m  w ater co n ten t S tandard R elative
d e s ie c a a t, of Freoiw32# of gre<a»«3£« d ps d ev ia tio n  a a tu ra tio a
grans p er 100 ppa K a m s s ! —  I r ira g e  ppa C/C,




27.66 3 4 . 649  7 .7k  0.92 0.06?
7.60
8.9b
26.02 3 4  8»k3 7 .9 k  1.55 0.087
5.85
9.59
30.1)2 3 4  15.8 154 045 0.168
lk .7
15.3
33.55 3 4  3 3 4  3 2 .8  0.73 0.360
3 3 4
31.8





Water con ten t of 
desiccan t*
grams per 100
I n i t i a l  e a te r  content 
of Freon-22 9 
ppm
E quilibrium  e a te r  con ten t 
of Freon-12. poa 
in tiiv id u e l A w a g i
Standard
d ev ia tio n
ppa
R elative  

















THE EQUILIBRIUM KI3TBIBUTICB OF H0I3TDBE BETWEEN FEEOB-12 AKD ACTIVATED ALUUBA AT 59%
l a te r  Content of 
defidccant, 
grams per 100
I n i t i a l  w ater content 
of Frecn-12#
ppn
E q u ilitriu ia  w ater co n ten t 
o f Freon-12* p m  
In d lr ld ra l Avsrag*
Standard
d ev ia tio n
PP»
R elative
sa tu ra tio n
c /e ,













1£*72 3*U I S
18?
186
1 $ * 7 2*% 0.668
OnCD
TABUS XXIvSMHW
the SQumatiuif sisTHiBonoH or koistuhb between bovumds m b m u s -12
T«HPmkan Wfcfcer Cenfceat af In itia l Wetar Equilibria* m tcr content Standard Belatire
Degree* dMLcoant* eoctant of of yrean-12. pat deviation eatoration
C gram per 100 Freon-12, ppm laairldaol Average ppa C/Cg
25 5.83 3.1i 2*6
2.01
1.91
2.13 0 .0 2 *






25 liu50 3 * 2 3 *
2U.6
21t*0
2U.0 0 * 9 0.26Jt
25 22.00 3 * 1*3.9
39.5
39.7
2 * 2 0*51
6.08 3 * 1.01
0 *
1.31
0.77 0 * 6 0.0311
(To be continued)
StVO
TABUS X U  (C o n tin u e d )
Tanparature Water eoctant a t In itia l water tqullltjriaa water content Standard Kelativa 
Efegreee deaioeeat. content of at liw a>J2, w  daaiatlon saturation
C gnus per 100 frean.12. ppa Indiviilhial Jkearage ppa C/C*









THE EQUILIBRIUM mSTRIBOTICH Qt MOISTt® HBTWEBJ DKEEKtTE JWD m tO M X  A t 0°C
Water Content of Initial water content Eqi ilibrium water content Standard Relative
desiccant, o f  Freoxv-12, of grx»-12. p u b  deviation saturation
grans par 100 ppm Indivixkal towage ppm C/G,
0.75 3.1* 1.11 1.13 0.1*1 0.0t^6








5.82 3.1* 0 .98  0.71* 0.21* 0.030
0 .50








THE EQUILIBRIUM DISTRIBUTION OF MOISTURE BETWEIM DBIERITE AND FEBOB-12 AT 25°C





Initial water content Eijuilitrtum water content Standard Relative
of Freon-02. of Freon-12, pro deviation saturation









5.1»0 3 4 1.7b
s u it
1.83
1.90 0.171 0 .021








3b.9 1 4 7 0.38b






t HE EQUILIBRIUM JESTRIBUTION OF 1M3TURB BETWEEN DSIERITB AND FXEOU42 AT $<PC
W ater content of 
desieosnt* 
grame per 100
I n i t i a l  e a te r  content 
o f Freon-IA* 
ppa
E quilibrium  w *t«r con ten t 
In d iv id u a l Average
Standard
d ev ia tio n
P I»
B ela tiv e
sa tu ra tio n
C/C*
1 .® 3*1» 5.76 
3 Jd t 
5.65
U.95 0.07 O.GCL©
5.63 3.1* S .f t
li.97
3 .6 0







THE EQUILIBRIUM SISIRIBUTIUIII UF MJI3TURE BETWEEN FLLRIIK EESICCAHT ASD FHBUK-12 AT 25°C
l a te r  con ten t of 
d e stccan t, 
grama per 100
I n i t i a l  m ater content 
of F recn-12,
ppa
B qailito lum  w d e r content 
of Freco-02 * ppm 
in d iv id u a l Average
Standard
d ev ia tio n
ppa
R ela tiv e
s a tu r a t io n
e/c.









16.13 3 4 3 5 4  
36 *6 
37.8
3 7 .3 1.33 CJJ6
21,9 3 4 5$. 8 
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TABLE m i l
WATER OF CONSTITUTION OF VARIOUS EESICCANTS
D eaiccan t W ater o f C o n stitu tio n  * 
grams p er 100 grams dry  s o lid
S i l ic a  G el tt.33
Sovabeada
A c tiv a te d  Alumina 82.142
F lo r i te  DeeicoBnt 9.06
X hderite 0*0
•  Based on t o t a l  lo s s  In  w eight of sa n p le s , a c tiv a te d  by h e a tin g  a t
ta r  Tour hours9 on ig n itio n  a t  1750®F Tor one hour*
INTERPRETATION OF EXPERIMENTAL RESULTS
R e lia b i l i ty  o f E xperim ental D ata
I t  m e t  be reco g n ised  th a t  th e  experim ental r e s u l t  a which hairs 
been p re sen te d  a re  n o t exact* In  s p ite  o f th e  e la b o ra te  p recau tio n s 
tak e n  to  e lim in a te  u n c o n tro lle d  v a ria b le s  In  th e  in v e s tig a tio n , i t  mas 
n o t p o s s ib le  to  reduce  experim ental e rro rs  to  such a  m agnitude th a t  
th e y  can b e  n e g le c ted  in  th e  u se  and in te rp re ta tio n  of th e  re su lts*  
F a ilu re  to  reco g n ise  tb s  u n c e r ta in ty  of experim en tatio n  v e ry  o fte n  
le a d s  to  confusion  and to  f a ls e  co nclusions im  th e  in te rp re ta tio n  o f 
data*
The sta n d a rd  d e f la tio n , a s  d e fin ed  by eq u atio n  5 ,was adopted a s
th e  prim ary  m easure o f v a r ia b i l i ty  in  t h i s  in v e s tig a tio n *  There a re
two methods o f o b ta in in g  r e l ia b le  e stim a te s  o f p rec isio n *  F i r s t ,  a
l a r g e  number a f d e te rm in a tio n s may be made under id e n tic a l co n d itio n s
and th e  v a r ia tio n  in  th e  r e s u l ts  determ ined* Second, a  good e stim ate
o f th e  o v e ra ll p re c is io n  may be ob tained  by averaging  a  la rg e  number
of se p a ra te  e s tim a te s  o f s tan d ard  d e v ia tio n , each being  based on a
sm all number o f determ inations*  I t  i s  In c o rre c t, however, to  ta k e  an
a rith m e tic  av erag e^ *  In s te a d , th e  average stan d ard  d e v ia tio n  should
be tak en  a s  th e  square  ro o t of th e  average variance* according to  equa*
tio n  7 , where v a ria n ce  i s  d efin ed  as th e  square of th e  stan d ard  dev iation*
rT  -  / nl  CTx2 * (T22 ♦ n3 0 3 ® ♦ ♦ * {7)^  avg* /    ,1— Ti r ■ -   .1
V n i  + na  * n$ + + *
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equation is th e  average o v e ra ll e s tim a te  of s ta n d a rd  de*
viation, ( j r (n fi*  s te *  a re  e stim a te*  of v a rian ce  based on em ail 
&*awpe of observations, and n ^ , ng, n ^ , etc*  a re  th e  degrees o f free-* 
dom so  which <Tx*» CTg2 * CT^b ote* a re  based* I t  i s  n ecessa ry  to  
tab* into account the degrees of freedom  s in c e  an e s tim a te  o f <y I s  
■ora reliable if baaed on a  la rg e  number o f o b se rv a tio n s th a n  i f  based 
on a small number of o b se rv a tio n s and, th e re fo re , should be given 
g re a te r  w eigh t in  determ in ing  th e  average varian ce*
In t i l l s  in v e s tig a tio n , a t  le a s t  th re e  Freon-12 m oisture d e te rm i­
n a tio n s  were made on each  o f a la rg e  number of d e s ic c a n t samples* An 
estimate of th e  stan d ard  d e v ia tio n  of th e  m oistu re  d e te rm in a tio n  was 
c a lc u la te d  from  each group* These e s tim a te s  a re  g iven  in  Tables VI 
through XVII* I f  i t  could  be assumed th a t  th e  p re c is io n  of th e  t e s t  
was independent o f m oistu re c o n c e n tra tio n , averag ing  o f th e s e  e s t i ­
m ates accord ing  to  eq u atio n  7 would g ive an e x c e lle n t e stim a te  o f th e  
m o istu re  d e te rm in a tio n  p rec isio n *  However, g en era l o b serv atio n  of th e  
r e s u l ts  in d ic a te d  a  decrease in  p re c is io n  a s  the Freon-12 m oisture con­
c e n tra tio n  in creased*  The e s tim a te s  of stan d ard  d e v ia tio n  w ere made 
from  very  sm all groups o f d e te rm in a tio n s and in d iv id u a lly  th ese  a re  
v e ry  poor estim ates*  C onsequently a p lo t of th e  in d iv id u a l e stim a te s 
a g a in s t Freon-12 m oistu re  co n cen tra tio n  w i l l  show l i t t l e  in  th e  way 
o f a  d e f in i te  re la tio n sh ip *  In  o rder to  b e tte r  t e s t  w hether such a  
r e la tio n s h ip  e x is ts , th e  d a ta  was grouped according  to  m oisture con­
c e n tra tio n  and th e  average m oisture co n cen tra tio n  and stan d ard  d e v ia tio n  
c a lc u la te d  fo r  each group* The 0°C and 2$°C d a ta  were grouped to g e th e r
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a t  10 p p a  in te rv a ls  o f m oistu re c o n c e n tra tio n . The 50%  d a ta  Was ana­
ly s e d  s e p a ra te ly  s in c e  i t  was o b ta in ed  usin g  d if f e r e n t ap paratu s and 
way d i f f e r  in  p re c is io n  from  th e  0%  and 2$°G data*  The r e s u l ts  of 
t h i s  grouping and averag ing  procedure a re  g iv en  in  Table XXX. Each 
average s ta n d a rd  d e v ia tio n  g iven  in  Table XXX i s  f a i r l y  re la ih L e  s in c e  
i t  i s  b ased  cm a  r e la t iv e ly  la rg e  number of d e te rm in a tio n s •
TATOt XXX
IBS EFFECT OF FHEGN-12 MOISTURE CONGBNTRATXGN ON 
THE PRECISION OF MOISTURE QETERUXNATXCH
Tug*. Of 
D eterm ination*
M oisture Cone, 
in te r v a l , ppm
Aug. M oisture 
C one., ppm
Avg. S tandard  
d a v ia tio n
0 and 25% 0 1 g b .18 0.665
1 0 - 2 0 Oit.3 0.895
to 0 1 $ 21u6 0.82*0
0 1 n- o 3 6 .7 0 .9b
b o -  50 b7 .9 1.05
50 -  60.2 S 7 .1 1 .01
S0°c 0-67 -  k.95 3 .1 .885
2 2 .0  -  b 2 .b 3 2 .1 .933
8 6 .?  -  018.7 97.7 1.70
lb 9 .1  -  185.7 065 2 .77
The r e s u l ts  given in  Table XXX a re  shown in  g ra p h ic a l form  in  


















and m o istu re  deterEdLnation p re c is io n  i s  in d ica ted *  The p ro b a b ility  o f 
th e re  being  no rd & tio o B h ip  betw een stan d ard  d e v ia tio n  and eoncentra~  
t io n  i e  le s s  th a n  1  in  100* In  defter m ining th e  be f t  average curve 
r e la t in g  th e  v a r ia b le s , i t  was n ecessary  to  p lo t average v a ria n c e  (<T®) 
a g a in s t m o istu re  c o n c e n tra tio n , o b ta in  th e  b e s t l e a s t  sq u ares carve 
tram  th is  p lo t ,  and t o  co n v ert t h i s  r e la tio n  in to  term s o f stand ard  
v ia tic a *  I n  th e s e  eases th e  r e s u l ta n t  average curves a re  e s s e n t ia l ly  
th e  same a s  i f  e q u a l w eight w ere g iven  to  each  p o in t on th e  s tan d ard  
d e v ia tio n -c o n c e n tra tio n  p lo t*  However, i t  i s  s t a t i s t i c a l l y  in c o rre c t 
to  do so* Curve f i t t i n g  i s  an averag ing  procedure and in  th e  case o f 
stan d ard  d e v ia tio n  an a rith m e tic  average i s  in c o rre c t*
The r e la t io n  betw een stan d ard  d e v ia tio n  and Freon*!# m oistu re con­
c e n tra tio n  in  th e  0°C and 2$°C d e te rm in a tio n s i s  g iven  by th e  l in e a r  
eq u atio n
0 ^  * 0.72 ♦ *0078X (8)
w here (Tx th e  s ta n d a rd  d e v ia tio n  of an in d iv id u a l d e te rm in a tio n  in  
ppm and x  i s  th e  co n ce n tra tio n  o f m oistu re in  Freon in  ppm*
S ince t r i p l i c a t e  d e te rm in a tio n s of m oistu re in  th e  re f r ig e ra n t 
w ere s* d e, th e  stan d ard  e rro r  o f th e  average ( J j )  of th ese  from  th e  
c o rre c t v a lu e  i s  g iven  by eq u atio n  9»
O'- -  Q#72 » 0»007ax (?)
*  / 3
99*1% confidence l im its  o f averages of t r ip l i c a te  d e te rm in a tio n s of 
Freon-12 m o istu re  a t  0°C or 2S°C a re















£  1 (1*25 ♦ 0*03352) (10a)
X i s  th e  t w a g i  o f th re e  m o istu re  d e term in ation  s and x  la  th e  m oistu re 
ccn een tara ti on*
2m a  s im ilar  manner* 99*1% confidence l im its  f o r  th e  average of 
th re e  d e te rm in a tio n s a t  50%  w ere found to  be
sym bols having tb s  same meaning a s  in  (10)*
In  sane c a se s more th a n  th re e  d e te rm in a tio n s were made of r e f r ig ­
e ra n t m o istu re  in  e q u ilib riu m  w ith  a  d e s ic c a n t sample* E xpressions 
(10 ) and ( U )  a re  a p p lic a b le  on ly  to  t r i p l i c a t e  determ inations*  F or 
any  d eg ree o f re p lic a tio n *  99*1% confidence l im its  a re  g iven by
Where X l a  th e  average value* CTX th e  stan d ard  d e v ia tio n  o f an in d i­
v id u a l value*  d e fin e d  by e ith e r  eq u ation  7 or 8* and n th e  number of 
re p lic a tio n s *
The p reced in g  d isc u ssio n  has d e a lt w ith  v a r ia tio n s  in  th e  r e s u l ts  
a r is in g  from  th e  u n c e rta in ty  o f th e  r e f r ig e ra n t m oisture d e te rm in a tio n s.  
The d s s ie e sn t m o istu re  d e te rm in a tio n s w ere a ls o  su b je c t to  v a r ia tio n s  
w hich c o n trib u te d  to  th e  o v e ra ll u n c e rta in ty  of th e  data* Four d e te r­
m inations o f m oistu re  w ere made on each of th e  d e sicc an t samples* Only 
th e  averages a re  g iven  in  T ables VI through XVII. From th e  v a r ia tio n s  
betw een th e  quadruple determ inations*  stan d ard  d e v ia tio n s  w ere calcvw 
la te d  acco rd ing  to  eq uation  5* The stan d ard  d e v ia tio n  o f d eterm in a tio n s 
on s i l i c a  gel*  Sovabeads* alum ina and D r ie r lte  was found to  be 0*077
1 1  U *20 * 0.CO9U) (11)
(12)
9p a r ts  w a te r p a r 100 p a r ts  d ry  d esiccan t*  Determ ination©  on F lo r l te  
D eateeaat w are much more e r r a t ic  th an  on th e  e th e r d e a icc an te , having 
a  s ta n d a rd  d e v ia tio n  of 0 0 9  part©  p e r 100* th e  much g re a te r  v a r ia ­
t io n  was undoubted ly  d ie  to  inhom ogenity at the d esiccan t*  The 
in d iv id u a l p a r t ic le s  v a ry  in  a d so rp tiv e  c a p a c ity  and th e  m oistu re  com** 
t e n t  o f a  s n a i l  number a t each p a r t ic le s  in  one sm all sample of $ grams 
m ight d i f f e r  c o n sid e ra b ly  from  th e  o v e ra ll  m oisture content*  2jy ta k in g  
tm rt such  s n a i l  sam ples* v a r ia tio n s  in  in d iv id u a l p a r t ic le  m oisture 
c o n te n t shou ld  b a lan ce  ou t to  a  la rg e  e x te n t and th e  average should  
rc p re sm it t o  a  f a i r  degree o f accu racy  th e  a c tu a l o v e ra ll m oisture con* 
t e s t  o f th e  d e s iccant*  99*7% ( 3 0  confidence l im its  on th e  average of 
fo u r  d e te rm in a tio n s of F lo r i te  a re  7  1 0*59 p a r ts  p e r 100 p a r ts  d e s lo - 
eaoot* w here y  i s  th e  average  v a lu e  of th e  d e s ic c a n t m oisture con ten t*  
C onfidence l im i ts  on m o istu re  determ ln& tione on th e  o th er deedocants 
a re  y  1 0*11 p a r ts  p e r 100*
The r e s u l ts  were a ffe c te d  by v a r ia tio n s  in  bo th  r e f r ig e r a n t  mois­
tu r e  ami d e s ic c a n t m o istu re  d e te rm in a tio n s a c tin g  sim ultaneously* In  
o rd er t o  b e tte r  shoe th e  r e s u lta n t  v a r ia tio n  from  th e  tiro  sources* des­
i c c a n t  m oistu re  v a ria n ce s  w ere transfo rm ed  in to  term s o f r e f r ig e ra n t 
m o istu re  v arian ces*  The to ta l  v a ria n ce  in  term s of r e f r ig e r a n t  mois­
t u r e  co n ten t i s  g iv en  by th e  eq u atio n
rr2 to ta l m ^  * (p£ | |  (13)
w here ( f  Zt o t c l  1* th e  t o t a l  v a ria n ce  a ria in g  from  th e  two so u rces, <Tg 
i s  th e  s ta n d a rd  e r ro r  o f th e  re f r ig e ra n t m oistu re  average* £Ty th e  s ta n d ­
a rd  error of th e  d e sicc an t m oistu re average and dX i s  th e  slo p e  of th e
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e q u ilib riu m  curve a t  th e  p o in t under c o n s id e ra tio n . %  th i s  trea tm e n t 
th e  d a te  nay be tak en  aa being  su b je c t to  e r ro r  o n ly  in  x  w ith  y  being  
te a m  ex ac tly *
I t  i t  be assum ed th a t  th e se  a re  th e  only so u rces o f v a r ia tio n  in  
th e  re s u lts *  th en  99*1% confidence l im i ts  on th e  in d iv id u a l p o in ts  a re
* 1  V * ' 8* * *  m2
lT  t e t a l  feeing d e fin ed  by equ atio n  13 • S ince th e  r e l i a b i l i t y  o f th e  
d a ta  was n o t un ifo rm , i t  was n ecessa ry  to  c a lc u la te  confidence l im i ts  
f a r  each in d iv id u a l p o in t. These 99*7% confidence l im its  a re  shewn in  
F ig u re s  12 th rough  26 a s  s o lid  h o riso n ta l lin e s*  th e  le n g th s  o f th e  
l in e s  re p re se n tin g  th e  u n c e r ta in ty  of th e  data*
The E q u ilib riu m  Iso therm s
te e n  th e  exp erim en tal r e s u l ts  were p lo tte d  in  g ra p h ic a l form  
(F ig u re s  12 through 16) i t  was p o ss ib le  to  d e fin e  f a i r l y  a c c u ra te ly  
e q u ilib riu m  iso therm s r e la t in g  d e sic c a n t m oisture co n ten t to  r e f r ig e r ­
a n t m o istu re  conte n t .  W ith v e ry  fear ex cep tio n s a l l  p o in ts  were found 
to  f a l l*  w ith in  th e  l im its  of experim en tal e rro r*  on th e  average cu rv es.
I t  was n o t p o ss ib le  to  ezqploy s t a t i s t i c a l  curve f i t t i n g  tech n iq u es 
In  e s ta b lis h in g  th e  cu rves o f b e s t f i t  to  th e  d a ta . C onsequently th e  
cu rv es wore drawn v is u a lly  so  th a t  d e v ia tio n s from  th e  curves would 
ba lance  ou t a s  f a r  a s  p o s s ib le .
Of th e  f iv e  d e s ic c a n ts  in v estig a te d *  s i l i c a  gel* Sovabeads, a c t i ­
v a te d  alum ina and F lo r i te  D esiccan t a re  of th e  a d so rp tiv e  ty p e , te e  
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mThe 0*C isotherms could  be re p re se n te d  v ery  w e ll by l in e a r  re la tio n s h ip s  
evmr th e  e n t i r e  range  in v e s tig a te d . There I s  no reaso n  to  b e liev e#  few* 
W T | th a t  th e  g e n e ra l shape o f th e  iso therm s a t  0°C should d i f f e r  from  
th a t  a t  SS°C and 50^0* If cu rv a tu re  to  th e  iso therm s a t  0°C does e x is t#  
th e  rcagnitude of th e  d e p a rtu re  from  l in e a r i ty  mould be expected  to  be so 
•light as to be obscured by venations i n  th e  experim ental determ inations*  
Furthermore# th e re  i s  no th e o re tic a l  reaso n  fo r  assum ing l in e a r i ty  over 
th e  mstire range of th e  Isotherm s* C e rta in ly  th e re  i s  in s u f f ic ie n t at** 
idtnee to conclude t h a t  the g en era l shapes of th e  cu rv es a t  0°C d if f e r  
significantly from th o se  at th e  h ig her te sp e ra tu re s*
The d a ta  mas found to f o l io s  lan g im ir ty p e  ad so rp tio n  iso therm s 
csaly in th e  lev c o n ce n tra tio n  ranges# la rg e  d e v ia tio n s  occu rring  a t  h igh  
ocncemtratlQBa* The stldmice in d ic a te s  th a t  ad so rp tio n  a t  low concen­
t r a t io n s  la due to  th e  formation o f nonem oleeular la y e rs  o f ad ao rb ate  
cm th e  adsorbents b a t th a t  th e  a d so rp tiv e  c a p a c ity  of th e  adso rben ts i s  
not exhausted w ith  th e  com pletion of such a  layer*  F u rth er ad so rp tio n  
ta k e s  p la c e  a t  h ig h e r c o n ce n tra tio n s o f w a ter in  th e  re f r ig e ra n t by 
some o th e r am ehanisa, p o ss ib ly  th e  form ation of n u ltim o le cu la r lay e rs*  
Hansen21# in  a d is s e r ta t io n  on th e  th eo ry  o f ad so rp tio n  from  b in ary  
liquid solutions# concluded th a t  n u ltim o le eu la r ad so rp tio n  does occur 
r e s u l tin g  In  sigm oid curves as w ere found In  t h i s  in v e s tig a tio n *
D r ie r lte  was found to  remove w ater from  so lu tio n  w ith  co n stan t 
h 4£h e ff ic ie n c y  u n t i l  th e  m oisture co n ten t o f th e  d esleo an i reached  
approx im ately  6 p a r ts  w ater per 100 p a r ts  d ee iccan t (See F ig u re  1$)*
The c o n s ta n c y  of th e  e q u ilib riu m  w ater con ten t of th e  r e f r ig e ra n t over
na c o n sid e ra b le  range  of d eslccen t m o istu re  i s  ty p ic a l o f toy*irate form* 
la g  compounds. She p o in t a t  'which th e  iso therm s b reak  sh a rp ly  re p re se n ts  
th e  eGBjpletion o f fo rm atio n  o f th e  herai-hydrate o f calcium  s u lfa te  
(6 a  30^ * J  BgO)* S to ic h io m e tric a lly  th e  hem i-hydrate corresponds to  
6*6 p a r ts  e a te r  p er 100 p a r ts  calcium  s u lf a te  a s  compared, to  6*0 a t  th e  
b re a k  p o in t o f th e  curve* th is  d iscrepan cy  could  n o t be due t o  random 
eoQMAflBSital arrears * I t  i s  p o ss ib le  th a t  B r ie r ite  le  n o t 100# so lu b le  
gahy d ra t e and t h a t  th e  fo re ig n  m a te ria l I s  in e f fe c tiv e  a s  a  d ry in g  agent* 
B r ie r i te  w i l l  h e ld  eema e a te r  p robab ly  by p h y sica l ad so rp tio n  above 
6 p o rta  e a te r  p e r 100 p a r ts  e a te r  bu t d ry in g  e ff ic ie n c y  d ecreases rap id *  
l y  a s  th e  d e a ice an t m oistu re  co n ten t in c re a s e s  above th i s  po in t*  F o r 
a l l  p r a c t ic a l  purposes* 6 p e r cen t w a ter (d ry  b a s is )  may be  tak en  a s  
th e  d ry in g  c a p a c ity  o f Ik ie r i te *  H am om ffi s ta te s  t h a t  in  th e  d ry ing  
o f o rg an ic  liq u id s*  th e  com pletion o f fo rm atio n  o f th e  hem i-bydraie i s  
th e  p r a c t ic a l  d ry ing  lim it*
The E ffe c t o f T siqperature on th e  E q u ilib riu m  R e la tio n sh ip s
I t  i s  seen  from  F ig u re s 12 th ro u ^ i 16 th a t  t© lite ra tu re  has a  v e ry  
g re a t e f f e c t  on th e  m oisture co n ten t o f Freon*12 in  eq u ilib riu m  w ith  a  
d se lc e a n t o f a  g iven  m oisture content*  The in c re a se  in  m oisture con­
te n t  o f th e  r e f r ig e r a n t v d th  tem pera tu re  in c re a se  i s  n o t lin e a r*
R» K* T a y lo r^  found th a t  th e  r e la t iv e  hum idity  of a i r  in  equi­
lib riu m  w ith  s i l i c a  g e l was e s s e n tia lly  independent of tem peratu re  over 
th e  lim ite d  tem perature range of 0°F to  120°F« This suggested  the  pos­
s i b i l i t y  th a t  th e  r e la tiv e  s a tu ra tio n  o f Freon-12 m ight a lso  be independent
9h
q£ tem p era tu re , Bennington^0 su g gested  t h i s  p o s s ib i l i ty  b u t d id  n o t 
v e r ify  i t  ex p erim en ta lly .
Ttelues o f th e  s a tu ra tio n  co n cen tra t io n s of w ater In  Freon-12 war© 
tak e n  from  F ig u re  20* The F reon-12-w ater s o lu b i l i ty  d a ta  for t h i s  p lo t  
w ere o b ta in ed  fTe® m  a r t i c l e  by E lise y  and Flowers^* S ince th ese  
a u th o rs  gave d a ta  only  to  100®F, i t  was n ecessa ry  to  e x tra p o la te  th e  
r e la tio n s h ip  by neons o f a  Cgk ty p e  p lo t*  The tem pera tu re  sc a le  of th e  
p lo t  from  60 to  120°F was e s ta b lis h e d  from  th e  te m p e ra tu re -so lu b ility  
cu rve o f w a te r in  n-hexane^"^*
When r e la t iv e  w a te r s a tu ra tio n  o f Freon-12 was p lo tte d  a g a in s t 
d e a lc c sn t w ater co n ten t (F ig u res 21 , 22 , 23,  21*, 25) i t  was found th a t  
f o r  any d e e ic c a n t, th e  re la tio n s h ip  could  be re p re se n te d  approxim ately  
by a  s in g le  curve f o r  a l l  th re e  tem p era tu re s. P ra c tic a lly  a l l  p o in ts  
f a l l  on th e  curves w ith in  th e  l im its  of ex perim en tal e rro r*  Some of 
th e  p o in ts  a t  0°C d e v ia te  a p p re c ia b ly  from  th e  curve* However, exp eri­
m ental e r r o r s  in  th e  d e te rm in a tio n s a t  0°C a re  m agnified s in c e  th e  
s o lu b i l i ty  o f w ater a t  O^ C i s  on ly  21*. 8 ppm as compared to  91 ppm a t  
25^C and 270 ppm a t  50°C*
S ince more d a ta  was o b ta in ed  on s i l i c a  g e l and a c tiv a te d  alum ina 
th a n  on th e  o th e r d e d o c a n ts , th e se  p lo ts  should show more c le a r ly  
w hether th e  re la tio n s h ip  i s  a c tu a lly  independent of tem perature* The 
cu rv es in  F ig a ro s  21 and 22 w ere drawn w ith  g re a te r  w eight being  g iven  
to  th e  25^0 and 50°C p o in ts  th an  to  th e  0°C p o in ts  in  view  of th e  poor 
p re c is io n  o f th e  0°C p o in ts*  W ith th e  curves drown as shewn, th e  d is ­
ta n c e  between p r a c t ic a l ly  a l l  of th e  0°C p o in ts  and th e  curves i s  le s s
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WATER CONTENT OF SOVABE[ADS V E RS US ;  I 
R E L A T IV E  WATER SATURATION OF F R E O N - 1 2  AT EQUILIBRIUM
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WATER CO NTENT  OF DRIERITE VE RS US
R E L A T IV E  WATER SATURATION OF F R f O N - 1 2  AT EQUILIBRIUM
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th a n  th e  experim en tal e rro r  o f th e  determ inations*  A lthough th e  devin* 
t ic n s  o f th e  in d iv id u a l p o in ts  taken  se p a ra te ly  may be exp la ined  a s  
b eing  due t o  ex perim en tal e r r o r , th e re  l a  a  p o s s ib i l i ty  th a t  th e  algo* 
h ra lc  average of th e  d e f la tio n s  tak en  a s  a  whole d if f e r s  s ig n if ic a n tly  
from  a e ro . T h is would n o t be th e  ease i f  one curve re p re se n ts  th e  d a ta  
a t  a l l  te a p a ra tu re s*  In  o rder t o  determ ine w hether th e  0°C d a ta  d if f e r  
s ig n if ic a n t ly  from  th e  average cu rv e , a  s t a t i s t i c a l  t e s t  o f s ig n lf i~  
cance mas a p p lie d . T his t e s t ,  developed by W illiam  Se&ly G o sse tt who 
p re fe r re d  to  be c a lle d  "S tuden t” ,  i s  known as S tudent*s t e s t  o f s ig n ify  
icance^® . The r a t io  of th e  d ev ia tio n  of th e  mean value of a  p a r t ic u la r  
group o f in d iv id u a ls  (3 ) from  an expected  v a lu e  (E) to  i t s  stan d ard  de» 
v ia tio n  i s  known as " t"*
w here ( f  i s  th e  stan d ard  d e v ia tio n  of an in d iv id u a l and n i s  th e  number 
of in d iv id u a ls*  T ables g iv ing  v a lu es of t  a t  v a rio u s p ro b a b ility  le v e ls  
f o r  v a rio u s  numbers o f o bserv atio n s allow  th e  estim atio n  of th e  probe** 
b i l i t y  o f x  being  d if f e r e n t  from  E*
The a lg e b ra ic  d e v ia tio n s  of th e  0°C p o in ts  from  th e  average curves 
a re  g lw i  in  Table XX* The average d ev ia tio n  of th e  p o in ts  from  th e  
cu rves i s  0*0132 and th e  average stan d ard  d ev ia tio n  of th e  in d iv id u a l 
v a lu e s  i s  0*0180* S in ce , i f  th e  average curve re p re se n ts  th e  0°C d a ta , 
S would be expected  to  be 0 ,
x  -  B (15)
(1 5 * )
lOS
T /HM.TT. XX
EEYimCBS OF 0°C DATA UH O/Og FROM AVERAGE CURVES 
FOR SILICA OKL AND AmVASBD ALUMINA
Desiccant c /C . D eviation  Frew S tandard
Avg. Curve D eviation
S l l le e  G el 0.02$ 0.007 Q.0168
0.106  0.006 0. 0X72
0.219 0.026 0.0X7$
0.188 -  0 . 01$ 0. 017$
0.206 0.000 0.0X7$
0.237 0 .030  0.0X7$
0.21*8 -  0.020 0 . 0X7$
0.338 O.CSO 0.0182
0 .320  -  0 . 00$ 0 . 0X80
0 .398 0.052 0.0181*
0 .320 -  0.QJ2 0.0X80
0.1*20 0.006 0.0X86
0.1*88 -  0 . 010 0.0189
0.612 0.Q$8 0.0196
fr'iwwriwa 0.0$3 0.022 0. 0X70
0.096  o.oxo 0 .0x72
0 . 17$ -  0,006 0.017$
0.371  0.011 0 . 0181*
0.621* o.ogl* 0.0196
0.720  0.070 0.0200
A vg. 0.0132 0.0180
The p ro b a b ility  o f th e re  being  a© r e a l  d i f f e r e n c e  b e tw een  th e  2£oc and  
0 °°  d a ta  i a  le a s  th an  0 .0 1  an d  g r e a t e r  th a n  0*GQ1» a  p r o b a b U i%  o f  1*0 
b e in g  c e rta in ty *
A s im ila r  t e s t  on th e  s ig n ific a n c e  of th e  d e v ia tio n  o f 5G°C d a ta  
from  th e  average ca rv e  sho red  no  s ig n ific an c e*  I t  must be  condityded 
from  th e  above te a ts  th a t one curve does n o t e x a c tly  d e fin e  th e  r$ la *  
tif ln a h ip  betw een r e la t iv e  e a te r  s a tu ra tio n  o f Freon-12 and th e  w ater 
c o n te n t o f a  deal  cou n t a t  a l l  tem peratures*  th e re  I s  a  p o s s ib i l i ty  of 
e r r o r  in  th e  s o lu b i l i ty  d a ta  from  which th e  v a lu es of s a tu ra tio n  eon# 
c e n tra tio n s  were taken* I f  th e  s a tu ra tio n  co n cen tra tio n  a t  0°C were 
25*6 in s te a d  o f 2b*8 th e  average d e v ia tio n  would be reduced to  zero* 
However» I t  cannot be assumed th a t  th is  i a  th e  ease  and th e  h y p o th esis 
th a t  r e la t iv e  w ater s a tu ra tio n  o f Frson~12 In  eq u ilib riu m  w ith  a  d ea ls*  
o a t  « f a  g iv en  w ater co n te n t i s  independent o f tem pera tu re  m ast be 
co n sid ered  an  spproxim aticw . The epprealm atiG n i s  a  v e ry  good one, 
how ever, e s p e c ia lly  b a le r  r e la t iv e  s a tu ra tio n  valu es o f 0*$* Isotherm s 
e f  a b so lu te  w a te r c o n te n t o f Freon-32 v e rsu s d e s ic c a n t m oisture co n ten t 
c a lc u la te d  from  th e  curves of F ig u res 21 through 25 and the s a tu ra tio n  
c o n c e n tra tio n  a t  th e  d e s ire d  tem p era tu re  would p robab ly  be a s  accu ra te  
i f  n o t a r e  so  th a n  exp erim en tally  determ ined iso th erm s.
O bservation  of F ig u re  25 Shows t h a t  te m p e ra tu re  h a s  th e  same e f f e c t  
on th e  a d so rp tiv e  p o rtio n s  o f th e  D r i e r i t e  is o th e rm s  a s  iso th e rm s  o f ad­
s o rp tiv e  ty p e  d e e le c a n ts . In  th e  h y d ra te  fo rm in g  p o r t io n  o f  th e  iso th e rm s  
th e r e  i s  l i t t l e  d i f f e r e n c e  in  th e  a b s o lu te  m o is tu re  c o n te n t  o f th e  r e *  
f r i g « ran t a t  v a rio u s te m p e ra tu re s .  The a c c u ra c y  o f  th e  e x p e r im e n ta l
d a ta  i s  in s u f f ic ie n t  to  determ ine c o n c lu siv e ly  w hether te m p e ra tu re  h a s  
th e  same e f f e c t  on th e  eq u ilib riu m  re la tio n s h ip s  in  th e  h y d ra te  form ing 
portions o f  th e  D r ie r ite  iso therm s as fo r  th e  a d so rp tiv e  ty p e  d e s ic c a n ts . 
However* th e  m o istu re  co n ten t of r e f r ig e ra n t in  eq u ilib riu m  w ith  a  mias* 
to r e  o f anhydrous calcium  s u lfa te  and th e  hem i~hydrate does d e f in i te ly  
increase as tem peratu re  in c re a s e s . I t  would be sosmWhat su rp ris in g  i f  
tfae effect o f  tem p era tu re  on e q u ilib riu m  re la tio n s h ip s  w ith  hydrate  
forming dssiccant* were th e  same as w ith  ad so rp tiv e  ty p e  d esiccan te*
The r e s u l ts  o f t h i s  in v e s tig a tio n  must be  taken  as in co n c lu siv e  on t h i s  
point*
The effect of tenperature on th e  e q u ilib riu m  re la tio n s h ip s  i s  o f 
primary importance in locating dehydrators in r e f r ig e ra tio n  u n its*  For 
maarl mam dehydration* the desicoant cartridge should  be lo c a te d  so th a t  
its tem p eratu re  will be as low as possible* T his being  th e  case* th e  
optimum location of the  d ry e r should  be in s id e  th e  r e f r ig e ra te d  space 
before the expansion orifice* P lacin g  th e  d ryer a t  th i s  p o in t would 
have the advantages o f dehydration in th e  l iq u id  phase and a t  low ten*- 
perature* Taper phase equilibrium re la tio n s h ip s  have n o t been determ ined 
tat it is  believed l iq u id  phase d ehydration  i s  more e ffe c tiv e  in  view of 
the much higher s o lu b il i ty  of w ater in Freov-12 vapor*
Comparison o f D esiccan ts
The d a t a  a s  re p re se n te d  in  F ig u res 12 through 16 do n o t a ffo rd  a  
b a s i s  f o r  c o n p a r i s o n  of th e  d ry ing  c h a ra c te r is tic s  of th e  v ario u s d e s- 
ic c a n ts*  The d e s ic c a n t m oistu re  co n ten t In d ic a te d  in c lu d es any w a te r
mof c o n s titu tio n  and o th e r v o la t i le  m atter w hich i s  d riven  o f f  on 
ti<aa. In  o rd er t o  make a  com parison of th e  d e s ic c a n ts , a  b a s is  m ist 
he s e le c te d  w hich w i l l  in d ic a te  th e  amount o f m oisture th a t  th e  d e a ic - 
e a n ts  w i l l  a c tu a lly  ta k e  up* For th e  e stab lish m en t o f such a b a s is , 
th e  a u th o r a r b i t r a r i l y  d efin ed  w a te r of c o n s titu tio n  a s th a t  p a r t of 
th e  t o t a l  v o la t i le  m atte r in  th e  d e s ie c a n t which i s  n o t d riv en  o f f  on 
h e a tin g  i n  a  eh allcsr la y e r  a t  h$QP& fo r  fo u r hours* I t  i s  b e liev e d  
th a t  d e siec an t*  h e a te d  a t  l&oPF f o r  fo u r hours a re  com parable in  mois* 
to r e  c o n te n t to  th e  c o a p le te ly  a c tiv a te d  d e s ic c a n ts  su p p lied  by 
m sn sifac t!» ere^» ^* k 9 * 5 0 ,5 1 # v a lu es of w ater of c o n s titu tio n  of th e  
v a rio u s  d esiocsQ ts a re  given in  Table XVXXI* Values o f n e ffe c tiv e *  
m o istu re  co n ten t o f th e  d e s ie c a n t may be c a lc u la te d  from  v a lu es of 
t o t a l  m o istu re  and m oistu re  o f c o n s titu tio n *
Since r e la t iv e  w a te r s a tu ra tio n  of Freon~l2 has been shewn to  be 
ap g rco d sB tely  independent of te u p e ra tu re , p lo ts  of e f fe c tiv e  d esiecan t 
a o is tu re  co n ten t a g a in s t C/Cg a ffo rd  a  convenient b a s is  f o r  coupariscffi 
o f th e  d e sicc an ts*  The re la tio n s h ip s  between e ffe c tiv e  d e sie c a n t 
w iie tu re  and r e la t iv e  w ater s a tu ra tio n  o f F reon-12 fo r  a l l  th e  f iv e  
d e s ie c a n ts  s tu d ie d  a re  shewn in  F ig u re  26* These re la tio n s h ip s  were 
d e riv e d  from  th e  cu rv es o f F ig u re s  21 through 25 by c o rre c tin g  fo r  
m oisture o f c o n s titu tio n  of th e  d esiccan ts*
F ig u re  26 shews th a t  a l l  o f th e  d e s ic c a n ts  a re  v ery  e f f ic ie n t  
d ry w s  f o r  F r e o n - 1 2  i f  th e  d esiecan t i s  s u f f ic ie n tly  dry* However, 
th e  r a te  o f in c re a se  of w ater in  Freon-12 w ith  re sp e c t to  W ater in  th e  
d e s ie c a n t v a r ie s  g re a tly  from  d esiecan t to  desiecan t*
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D r ie r i te  i e  seen  t o  be an e x c e lle n t d ry er u n t i l  th e  m o istu re  con* 
t e n t  o f th e  d e s ie c a n t reach es 6 pert®  p e r 100* The r e la t iv e  s a tu ra tio n  
e f  Freo&*>12 in  e q u ilib riu m  w ith  anhydrous calcium  s u lf a te  i e  epproadU* 
■ately 0*016* The r e la t iv e ly  low c a p a c ity  o f D r ie r ite  ie  a  se rio u s  
d isad v an tag e  e s p e c ia lly  when la rg e  amounts o f w a ter su e t be removed 
from  so lu tio n *  However,  no o th e r deslccaxrt s tu d ie d ) w ith  1h e  except 
tion of Florlte o f p r a c t ic a l ly  0 m o istu re  co n ten t) approaches D r ie r ite  
in  d ry in g  e ff ic ie n c y  u n t i l  th e  d e s iec an t m o istu re  co n ten t reach es 6  
p a r ts  p e r 100#
The d ry in g  e ff ic ie n c y  o f a c tiv a te d  alum ina i s  su p e rio r to  s i l i c a  
g e l  u n t i l  th e  d e s ie c a n t m oisture con ten t reach es 8 p a r ts  p e r 100 p a r ts  
so lid #  I t  i s  n o t as good as D rie r ite )  however) below th e  D r ie r ite  ea* 
p e e ily  lim it#
Ho s ig n if ic a n t d iffe re n c e  was found between th e  drying c h a rse t ex'- 
l s t l c ^ G f  s i l i c a  g e l and Sovabeade* The d a ta  on th is  b a s is  co in c id es 
alm ost aK aqtly  and may be re p re se n te d  by a  s in g le  curve* This was to  
be expected  s in c e  Sovabead i s  e s s e n t ia lly  s i l i c a  g e l p lu s  a  sm all pexv
b in d e r^ *  S i l ic a  g e l and Sovabeads a re  su p e rio r in  c a p a c ity
ear d e s icc an ts  a t  high v a lu es o f C/tJg*
Dry P io r i te  D esiecan t w i l l  d ry  Freon-12 to  p r a c t ic a l ly  0 w ater con* 
te n t#  The d ry in g  e ff ic ie n c y  drops o ff  sh a rp ly  as the  d e siecan t w a ter 
c o n te n t in c re a se s ) however, and i t  appears to  have th e  le a s t  fav o ra b le  
j^ p r a c t  e r i s t i c s  f o r  Freon-12 drying of th e  d e sicc an ts  in v e s tig a te ^
Lderst from  F ig u re  26 th a t  th e  most d e s ira b le  d e siec an t w i l l
amount of w ater th a t  can be to le ra te d  in  th e  re f r ig e ra n t#
%  to  a  r e la t iv e  s a tu ra tio n  of 0*16* D a& srlte i s  f a r  su p e rio r to  th e  
o th e r d e s ic c a n ts  s tu d ie d  in  dry ing  capacity#  From 0*36 to  0*28* act!-* 
v a te d  alum ina appears to  b e  b e s t and above 0 .28  s i l i c a  g e l and Sovabeads 
p o ssess th e  meet fav o ra b le  drying c h a ra c te r is tic s *
C om paris«i o f E ^ e rim e n ta l R esu lts w ith  Those of P revious In v e s tig a to rs  
D ire c t com parison of th e  a u th o r 's  r e s u l ts  w ith  th o se  of p rev ious 
in v e s tig a to rs  i s  d i f f i c u l t  because o f th e  p o ss ib le  d iffe re n c e s  in  th e  
b a s is  on w hich d e siee an t m o istu re  c o n te n ts  w ere rep o rted *  P en n in g to n ^  
deh y d ra ted  h is  sam ples by h e a tin g  a t  350^F overn ig h t to  an end p re ssu re  
o f no more th a n  $0  m icrons* He concluded th a t  adsorbed  m oistu re see  
red u ced  to  setro by th is  trea tm en t*  Veltman and W aring do n o t g ive a  
s p e c if ic  a c tiv a tio n  p rocedure f o r  th e i r  sam ples and i t  m ust be assumed 
t h a t  th e  d e s ic c a n ts  were tak e n  a s  b e in g  d ry  as re c e iv e d  from  th e  man* 
u fa c ta re rs *  P robably  th e  b e s t b a s is  fo r  com parison o f th e  a u th o r 's  
d a ta  w ith  th o se  o f th e se  in v e s tig a to rs  i s  th a t  o f e f fe c tiv e  d e s ie c a n t 
m o istu re  c o n te n t v e rsu s  r e la t iv e  sa tu ra tio n *  Curves re p re se n tin g  th e  
s i l i c a  gel-F reon-12  d a ta  o f P e n n in g to n ^  Vbliman and Waring** and th e  
a u th o r on t h i s  b a s is  a re  shewn in  F ig u re  27* The d a ta  o f S terls?^ i s  
n o t in c lu d ed  s in c e  he d id  n o t sp e c ify  th e  tem peratu re  a t  which h is  de~ 
ts m d n a tia n s  w ere c a r r ie d  out*
The a u th o r 's  d a ta  i s  n o t in  agreem ent w ith  e ith e r  of th e  p rev ious 
in v e s tig a to rs*  The d iffe re n c e s  a re  undoubtedly p a r t ia l ly  due to  d if­
f e r e n c e s  In  th e  m oistu re  co n ten t o f th e  d ealccan t tak en  a s having zero  
e ffe c tiv e  m o istu re  con ten t*  S h if tin g  P en n in g ton 's 100°F curve t o  make
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i t  co in c id e  w ith  th e  au th o r *e d a ta  a t  aero  d e s ie c a n t m o istu re  would m * 
s u i t  l a  good agreem ent between th e  two* The g e n e ra l shape of h ie  12£°F 
®w to  i e  d i f f e r e n t  from  th a t  found in  th is  in v e s tig a tio n *  I t  hoe been 
shown c o n c lu siv e ly  th a t  th e  curve i a  sigm oidal and oannot bo re p re se n te d  
over th e  e n tir e  ran g e  fcgr a  second degree equation  of th e  type ae » a  * by + ey& 
w hich Fenningtcm assumed*
The o n ly  d a ta  a v a ila b le  f o r  comparison on d e s ic c a n ts  o th e r than  
s i l i c a  g e l and Sovabeads a re  th o se  of Veltman and Waring* These au th o rs 
re p o rte d  on ly  two p o in ts  on each o f th e  d e s ic c a n ts  a c tiv a te d  alum ina end 
D r ie r i te  (See F ig u re  3)«  In  th e  case of bo th  d esiccan ts*  th e i r  r e s u l ts  
showed much p o o rer d ry ing  e ff ic ie n c y  fo r  a  g iven  d e siec an t m oisture eon* 
t e a t  th a n  was found  in  t h i s  in v e s tig a tio n . No ex p lan a tio n s o f th e  
e x treme d iffe re n c e s  a re  o ffered *
G en era l O bservations
V arious g rad es of a d so rp tiv e  type d eslo caa ts  may vary  somewhat in  
d ry in g  power* The d e s ic c a n ts  s tu d ie d  in  th is  In v e s tig a tio n  w ere those 
recommended by  lea d in g  m anufacturers of each ty p e  d e sie c a n t a s being  
b e s t s u ite d  f o r  r e f r ig e r a n t  d eh y d ra tio n . I t  i s  b e lie v e d  th a t th e  r e ­
la tio n s h ip s  shown in  F ig u re  26 a re  re p re se n ta tiv e  in  g en era l o f th e  
d ry in g  c h a r a c te r is t ic s  o f r e f r ig e ra n t  d e sicc an ts  c u rre n tly  employed*
They should  not* however* be tak en  a s  re p re se n tin g  e x a c tly  a l l  grades 
o f d e s ic c a n ts  o f th e  g e n e ra l ty p es designated* In  th e  absence of ap­
p lic a b le  data* th ese  curves may be used as very  rough approxim ations 
in  th e  d esig n  o f d ry e rs  u sin g  o th er g rades of d esiecan t*
H I
th e  accu racy  'K ith  w hich th e  curves o f F ig u re  26 d efin e  th e  e q u ilib *  
rium  re la tio n s h ip s  o f th e  s p e c if ic  d e sicc an ts  s tu d ie d  i s  c o n ee rv a tiv e ly  
e s tim a te d  a t  ±  0*02 C/C^ u n its  w ith in  th e  C/Cg range o f 0 to  0*50 and 
over th e  range of tem p era tu re  of 0 to  50°C* I t  i s  b e lie v e d  th a t  no 
s e r io u s  e r ro r  would r e s u l t  in  ex tend ing  th e s e  curves to  app ly  a t  a l l  
te e ^ e ra tu re e  norm ally  encoun tered  in  re f r ig e ra tio n  work*
CONCLUSIONS
Equipment and techn ique have been developed w hich are  a p p lic a b le  
to  th e  Measurement o f eq u ilib riu m  m oisture d is tr ib u tio n  between dee* 
ic e a n ts  and re f r ig e ra n ts *
E q u ilib riu m  iso th e rm s, r e la tin g  re f r ig e ra n t m oisture co n ten t to  
d e s ic c e n t m o istu re  c o n te n t have been e s ta b lis h e d  fo r  Fr©on**12 and s i l ­
i c a  g e l, a c tiv a te d  alum ina, D rie r i t  e and F lo r i te  D eslccan t a t  0 , 2$ 
and 50^C* FreQn-12-Sovabead iso therm s have been e s ta b lish e d  a t  0 and 
The is o th tn n s  f a r  a l l  a d so rp tiv e  type d ea iecan ta  s tu d ie d  w ere 
sigm oidal in  shape in d ic a tin g  th a t ad so rp tio n  tak e s p la c e  beyond t % , 
com pletion o f a  aonom oleeular la y e r  o f ad so rb ate  on th e  su rfa ce  of th e  
adsorbm it* D rie r i t  e d r ie s  Freox>-l2 w ith  c o n s ta n t, h ig h  e ff ic ie n c y  urw 
t i l  i t s  M oisture c o n te n t reach es s ix  per c e n t, w hich was found to  be th e  
p r a c t ic a l  c a p a c ity  l im it  o f t h i s  desiccen t*
The a o is tu re  co n ten t o f Freon»12 in  eq u ilib riu m  w ith  a  d e slcc an t 
in c re a s e s  g re a tly  w ith  tssp e ra tu re *  However, by expressing  th e  re ­
f r ig e r a n t  m o istu re  co n ten t on a  reduced  co n cen tre tL o i b a s is  (C/C8) th e  
e q u ilib riu m  re la tio n s h ip  betw een d e s lc c a n t m oisture and re f r ig e ra n t 
m o istu re  may be re p re se n te d  approxim ately  by one curve fo r each dee-
Mk
i c c a n t  o v e r  th e  tem p era tu re  range of 0°0 t o  $0°C. For th e  f iv e  d e sicc an ts  
s t u d i e d ,  s u c h  curves h a v e  been e s ta b lis h e d  which re p re se n t th e  e q u ilib ­
r i u m  r e l a t i o n s h i p s  w ith in  * 0*02 C/C0 u n its  up to  r e la tiv e  s a tu ra tio n  
v a lu es o f 0*5* V ith  th e se  c u r v e s  and th e  s o lu b i li ty  curve of w ater in  
F re o rv -1 2 , t h e  w a t e r  co n ten t o f Freor>-l2 in  eq u ilib riu m  w ith  th e  d e sicc an ts
112
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a t  any tem p era tu re  norm ally  encountered  in  r e f r ig e r a tio n  w ork may be 
c a lc u la te d .
th e  d e slc c a n t p o ssessin g  th e  most fav o ra b le  d ry ing  c h a ra c te ris ­
t i c s  depends upon th e  d e s ire d  d ry ing  e ffic ie n c y *  Til® e ff ic ie n c y  of 
Q r lc r l ts  I s  a p p rc o la a te ly  9 9  u n t i l  i t s  m oistu re co n ten t reach es 6 
p a r t s  p e r  100 p a r ts  s o l id .  F o r e f f ic ie n c ie s  betw een 81# and 72# f s in -  
■ in s I s  su p e rio r to  th e  o th e r d e s ic c a n ts  s tu d ie d  in  cap acity *  At 
e f f ic ie n c ie s  o f le s s  th a n  72#* Sovabeads and s i l i c a  g e l p o ssess th e  
h ig h e s t c a p a c i t ie s .  Ho d iffe re n c e  was found betw een th e  drying char** 
a c te r i s t i e s  o f s i l i c a  g e l  and Sovabeads.
I t  i s  f a i t  t h a t  fu tu re  in v e s tig a tio n s  in  th e  d eh y d ra tio n  o f r e ­
f r ig e r a n ts  lay d e a iee an ts  should  be d ire c te d  tow ard th e  d e term in ation  
o f th e  e f f e c t  o f v a rio u s  r e f r ig e r a n ts  on d ry ing  c a p a c ity  mad e ff ic ie n c y  
o f d e s lc c a n ts . There i s  a ls o  a  need  fo r  vapor phase e q u ilib riu m  s tu d ie s  
and th e  developm ent o f c o rre la tio n s  betw een l iq u id  and vapor phase mois­
tu r e  d is tr ib u tio n  re la tio n s h ip s .
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